
Chapter 14 
Gall Formers 

Brett P. Hurley, Gudrun Dittrich-Schröder, and Caitlin R. Gevers 

14.1 Introduction 

Gall formers are among the most highly evolved herbivores. Several organisms induce 
gall formation including viruses, bacteria, mites and nematodes. Insects are one of the 
most dominant gall-forming groups, with estimates ranging from 21,000 to 211,000 
species (Ciesla 2011). Within the insects, gall formers have evolved independently in 
the Coleoptera, Diptera, Hemiptera, Hymenoptera, Lepidoptera and Thysanoptera. 
Galls are induced by the gall-forming insect, where specific metabolic interactions 
result in differentiation of the plant tissue and the consequent abnormal growths are 
referred to as galls. Through this manipulation of the plant’s growth, the insect obtains 
food and shelter. Galls can vary greatly in size and shape, from pits or folds to the ‘oak 
apples’ of some cynipid species. Gall forming insects often display fascinating and 
complex biologies, including host alternation and cyclical parthenogenesis. However, 
the biology of many gall formers is poorly understood, in part because of their cryptic 
habit of living primarily within the gall. 

Historically, gall formers of trees have often been reported as pests of little 
economic importance. However, this has changed with the introduction and spread of 
a number of invasive non-native gall forming species, some of which have become 
pests of serious economic importance. Thus, for some forestry tree species like 
eucalypts this group of insects has now become one of the most important groups of 
insect pests (Dittrich-Schröder et al. 2020). The importance of gall formers as pests 
of forestry trees will increase in the future with the increased movement of these 
insects around the world. 

In this chapter, we discuss insect gall formers of forestry trees. We examine the 
natural history and ecology, as well as the evolution and diversity, of these fascinating
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insects. We provide a list of the gall forming insects associated with forestry trees and 
discuss management strategies, with a focus on the species most relevant to forestry. 
In addition, we use case studies to discuss three of the important gall forming species, 
to provide more specific details of the biology, spread and management of these 
insects. 

14.2 Natural History and Ecology 

As a group gall forming insects are polyphyletic and include a variety of orders and 
families, and consequently represent a very diverse range of life histories. As it is 
not possible to cover the details of all the different gall formers in this chapter, we 
focus on three key aspects related to their natural history and ecology; namely gall 
formation, reproductive strategies and the gall community. 

14.2.1 Gall Formation 

Insect-induced plant galls are the product of a highly specialised and unique type of 
insect-plant interaction. Most gall forming insects have a high fidelity to a specific 
host genus or even species, and thus do not attack an extensive range of host plants 
(Csóka et al. 2017). In addition, most gall forming insects only attack specific plant 
organs of their host, for example the flowers, fruits, buds, shoots or leaves, and 
these organs must be in the correct development or phenological stage. Gall shape 
is generally consistent within a species, but not between related taxa, and thus gall 
morphology can be used to assist species identification (Raman 2011). As opposed 
to the abnormal growths induced by fungi and bacteria, 90% of galls induced by 
insects show bilateral or radial symmetry (Raman 2007). 

Plant galls are an incredible example of a modified natural structure caused by 
messages from a foreign organism. Initiation of a gall occurs when the plant is either 
exposed to an accessory gland secretion during oviposition (e.g. cynipids, sawflies 
and some beetles), or a salivary chemical from the feeding of first-instar larvae 
(e.g. cecidomyiids, coccids and aphids) (Rohfritsch 1992). Subsequently the exposed 
tissues no longer experience normal growth but, instead, the cells are physiologically 
modified through differentiation and hypertrophy (increase in cell size), resulting in 
formation of the inner-gall tissue and the outer gall tissue (cortical parenchyma) 
(Harper et al. 2004; Klein 2009). The growth stage of the gall consists mainly of 
hyperplasia (cell expansion), which allows the gall and the inner chamber to grow. 
Hyperplasia results in the formation of nutritive tissue that the larvae are able to 
manipulate into a suitable food source (Rohfritsch 1992; Harper et al. 2004; Klein 
2009). The larva is then able to feed on the inner-gall tissue for the duration of its 
development, thereby decreasing the number of gall cell layers as the larva increases 
in size.
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The gall reaches maturity once cell proliferation ceases. Major physiological and 
chemical changes in the gall tissues, such as when the flow of water and sap to the 
gall stops, results in gall dehiscence (Rohfritsch 1992). These changes are correlated 
with the development of the gall former and facilitate its exit from the gall. Although 
there is limited information on the communication between gall inducer and host 
plant, it has become evident that constant stimuli by the gall inducer is required to 
retain gall formation (Stone et al. 2002; Harper et al. 2004). If a natural enemy kills 
the gall inducer, gall development will cease. 

14.2.2 Reproductive Strategies 

Gall forming insects are present in several orders and families, and, not surprisingly, 
there are a range of reproductive strategies associated with these insects, from sexual 
reproduction to parthenogenesis, where males are either lacking or very scarce (see 
Case Study—Leptocybe invasa). Perhaps one of the most interesting reproductive 
strategies, present in a number of gall forming insects in the Hemiptera (Adelgidae 
and Pemphigidae) and Hymenoptera (Cynipidae), is that of cyclical parthenogenesis. 
Cyclical parthenogenesis involves the alternation of sexual and asexual reproduc-
tion. This reproductive mode has been described in over 15,000 species (Stone et al. 
2008). The alternation of reproductive modes within a year is often associated with 
differences in morphology and ecology among generations. The differences between 
these generations can be so great that some gall formers were originally identified 
as different species and even genera (Felt 1940). In some cases, the different repro-
ductive modes are associated with different host plants (see Case Studies—Adelges 
cooleyi and Andricus spp). 

Oak and sycamore gall wasps (Cynipidae) are unique as they produce their asexual 
and sexual generations in strict alternation (Stone et al. 2002, 2008; Atkinson et al. 
2003). This is unlike other gall wasps, which reproduce asexually with the occasional 
sexual generation in response to environmental changes. Many of the cynipids exhibit 
obligate alternating sexual and asexual generations (Hood and Ott 2011). These 
generations differ by the host plant used, the plant part galled, morphology and size of 
the gall, the number of siblings in each gall and the adult body size (Stone et al. 2002; 
Rokas et al. 2003; Stone and Schönrogge 2003; Hood and Ott 2011; Schönrogge et al. 
2012). A common difference observed between sexual and asexual generations is 
that asexual galls are large and complex while the sexual galls are simple, often 
cryptic and usually much smaller. 

14.2.3 Gall Community 

Galls can contain multitrophic, closed and complex communities with a number of 
different inhabitants, including the gall inducer, parasitoids, hyperparasitoids, and
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inquilines (Table 14.1). Parasitoids may feed exclusively on the host gall former, but 
in some parasitoid species the larvae initially feed on the gall tissue and then switch 
to feed on the host, while in other species the larvae start by feeding on the host and 
later feed on the gall tissue in order to complete their development (Roskam 1992; 
Klein 2009). There is a great diversity of parasitoids of gall formers, and in some 
cases there are different cohorts of parasitoids of the sexual and asexual galls of the 
same species (Table 14.1).

Inquilines inhabit galls of other insects to obtain food and shelter. They are inca-
pable of inducing galls of their own but, as with the parasitoids of gall insects, they 
are highly specialised to gain access to existing galls. Unlike parasitoids, however, 
inquilines do not feed on the developing gall insect but obtain their nutrition from 
the gall tissues (Brooks and Shorthouse 1998). The gall inducer and inquiline can 
sometimes co-exist and partition the gall resources, resulting in the successful devel-
opment of both species. In other cases, the inquiline may cause the death of the 
gall inducer because it either develops and feeds much faster than the gall inducer, 
causing it to starve, or it manipulates the gall, creating additional chambers and 
tissues of its own (endohalls), which cause the gall inducer to die due to insufficient 
space or crushing (Brooks and Shorthouse 1998; Ferraz and Monteiro 2003; Klein 
2009). Although some gall communities are relatively well studied, in many cases 
the taxonomy and role of the different gall inhabitants is not well resolved. 

14.3 Evolution and Diversity 

The ability to form galls has evolved many times in phytophagous insects and has been 
recorded from six insect orders (Cook and Gullan 2004; Hardy and Cook 2010). More 
than 13,000 insect species have been described as gall inducers (Raman et al. 2005); 
however, the two families with the greatest number of species are the Cecidomyi-
idae (Diptera) and Cynipidae (Hymenoptera), with each family comprising approxi-
mately 1400 described species (Dreger-Jauffret and Shorthouse 1992; Ronquist and 
Liljeblad 2001; Ronquist et al. 2015) (Fig. 14.1).

The complex relationship between the gall former and host plant is considered 
to be an advanced association (Shorthouse et al. 2005). Gall forming insects have 
been shown to be highly host and tissue specific, showing significant phenotypical 
specificity and are significantly more host-specific than closely related non gall-
forming species (Hardy and Cook 2010). An example, illustrating the phenotypic 
specificity, are the cynipids associated with oak, which are represented by more than 
1000 described species, with each species having a characteristic gall structure (Stone 
and Cook 1998; Ronquist and Liljeblad 2001). Evolution of gall formation is best-
described using cynipids due to the extensive work conducted on this family. The 
ancestral origin of gall-forming cynipids is thought to be the Palearctic (Ronquist 
et al. 2015). Some of the oldest records of studies on the evolution of gall formation, 
date back to the 1920’s. In these studies, Alfred Kinsey used morphological and 
biological information to explain the relationships between gall formers and their
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Table 14.1 Examples of inquilines and parasitoids of gall insects that infest forest trees 

Species Inquilines Parasitoids 

Hymenoptera: Cynipidae 

Andricus burgundus Synophrus politus Mesopolobus dubius, M. 
xanthocerus, M. 
mediterraneus, Ormocerus 
vernalis, Aulogymnus gallaru, 
A. testaceoviridis, Aprostocetus 
sp. 1, Tetrastichus sp. 1, 
Torymus auratus, Macroneura 
vesicularis 

Andricus corruptrix Sexual generation: Synergus 
reinhardii & S. umbraculus 

Sexual generation: 
Mesopolobus dubius, M. 
fuscipes, M. tibialis and M. 
xanthocerus 

Andricus grossulariae Ceroptres cerri (Cynipidae) 

Andricus kollari Sexual generation: Synergus 
reinhardii, S. umbraculus 

Sexual generation: 
Mesopolobus dubius, M. 
fuscipes, M. tibialis and M. 
xanthocerus 

Andricus lignicola Sexual generation: Synergus 
reinhardii, S. umbraculus 

Sexual generation: 
Mesopolobus dubius, M. 
fuscipes, M. tibialis and M. 
xanthocerus 

Andricus quercuscalisis 
(Knopper gall wasp) 

Asexual galls: Synergus 
gallaepomiformis, S. 
umbraculus; Sexual galls: 
Synergus reinhardii, S. 
umbraculus 

Asexual galls: Sycophila 
biguttata, Mosopolobus 
amaenus, Megastigmus 
stigmatizana, Gelis 
formicarcius. Sexual galls: 
Mesopolobus dubius, M. 
fuscipes, M. tibialis and M. 
xanthocerus 

Dryocosmus kuriphilus 
(Chestnut gall wasp) 

Torymus sinensis 

Neuroterus saltatorius 
(Jumping oak gall wasp) 

Ormyrus distinctus, 
Amphidocius schickae, 
Mesopolobus longicausae, 
Dibrachys cavus, 
Amphidociusn. sp., 
Aprostocetus pattersonae, 
Aprostocetus verrucarii, 
Aprostocetus n. sp., Brasema 
sp. 

Hymenoptera: Eulophidae 

Leptocybe invasa (bluegum 
chalcid) 

Selitrichodes neseri, 
Quadrastichus mendeli, 
Selitrichodes kryceri

(continued)
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Table 14.1 (continued)

Species Inquilines Parasitoids

Ophelimus maskelli (eucalypt 
gall wasp) 

Closterocerus chamaeleon 

Quadrastichodella nova Leprosa milga 

Diptera: Cecidomyiidae 

Obolodiplosis robiniae Platygaster robiniae 

Thecodiplosis jaonensis (pine 
needle gall midge) 

Inostemma matsutama, I. 
seoulis 

References: Smith (1954), Claridge (1962), Hutchinson (1974), Payne (1978), Moriya et al. (1989b), 
Schönrogge et al. (1996), Walker et al. (2002), Ciesla (2011), and Schönrogge et al. (2012)

Fig. 14.1 A circular neighbour joining tree showing the relatedness of gall forming insects in 
forests. Cytochrome b sequences available for gall-forming insects associated with forest trees 
were downloaded from GenBank and used to generate the tree. Colours correspond to the insect 
family, namely Adelgidae, Aphididae and Psyllidae (blue); Cynipidae (green); and Eulophidae (red)
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hosts (Ronquist et al. 2015). Kinsey (1920) hypothesized that gall formers initially 
utilized herbs as their hosts and inhabited the plant tissue rather than induced galls. 
These galls subsequently evolved and increased in complexity with for example 
multi-chambered galls, considered structurally simple, evolving into single cham-
bered galls, considered structurally complex (Ronquist et al. 2015). This increased 
complexity over evolutionary time has also been observed in aphids, thrips and 
sawflies (Fukatsu et al. 1994; Nyman et al. 1998; Morris et al.  1999). Other authors 
such as Malyshev (1968) have argued that early cynipids were associated with oaks 
and first formed galls on buds or seeds. However, Roskam (1992) suggested that 
recent radiation events in the Oligocene led to the radiation of the cynipids from the 
family of flowering plants, the Asteraceae. 

The three main advantages of development within galls are the availability of 
nutrition, a constant microclimate, and protection against parasitoids and herbivores 
due to physical and/or chemical features of the gall (Stone and Schönrogge 2003; 
Ronquist et al. 2015). It is generally accepted that the evolution of gall formers 
has largely been driven by selection pressure from natural enemies (Stone and Cook 
1998) and to a lesser extent mistakes during oviposition/host selection by female gall 
formers (Price 2005). High mortality levels of gall formers, caused by parasitoids, has 
been suggested to drive the evolution of various morphological gall characteristics, 
such as gall size, thickness of gall exterior and spiny surfaces, in an attempt to 
decrease mortality levels (Inbar et al. 2004; Hardy and Cook 2010). This top-down 
force could be one of numerous factors driving variation in gall formation (Nosil 
and Crespi 2006). Parasitoids may parasitize gall formers on a preferred plant host, 
leading to the use of a new plant host by the gall former, in an attempt to evade 
mortality thereby resulting in variation in gall formation (Rott and Godfray 2000; 
Singer and Stireman 2005). Studies have shown that most often there is a correlation 
between gall morphology and relatedness of the gall former, however there are a few 
exceptions (Inbar et al. 2004). 

Phylogenetic analyses suggest that most of the diversity making up the gall 
forming species, within for example the Cecidomyiidae and Cynipoidea, is due to 
a radiation event (the rapid splitting of a lineage into two distinct lineages, due to 
certain conditions which result in a new feature, permitting the lineage to access a new 
niche), rather than the independent acquisition of the gall forming trait (Ronquist and 
Liljeblad 2001). This conclusion is based on the occurrence of many gall forming 
species in only a few insect families, rather than gall forming species distributed 
amongst many insect families (Cook and Gullan 2004; Vardal 2004). Some groups 
of gall formers, such as the Cynipdae contain many species whereas others such as 
the Aphididae contain far less, possibly indicating that a large degree of speciation 
occurred within the Cynipidae at a rapid rate (Price 2005). Consequently, such groups 
are difficult to separate at a taxonomic level, as morphological characteristics are not 
distinctive enough to separate specimens into different genera. 

Diversification of gall forming insects has been thought to be influenced and 
driven by individual phenotypic traits (e.g. reproductive rate, dispersal ability, body 
size, longevity, ecological constraint, sexual selection), species-specific traits (e.g. 
population size, abundance, geographic range), and availability of sufficient suitable
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hosts (Hardy and Cook 2010). The most likely factor contributing to speciation within 
gall-formers is the acquisition of a new host or plant organ (Medonça 2001). Due to 
the specificity of the relationship between the gall former to its host plant, the shift 
of a gall former to a new host is very rarely observed and rarely successful (Csóka 
et al. 2017). For this reason, no gall former has been recorded as utilising a wide 
range of host plants (Ronquist et al. 2015; Csóka et al. 2017). 

Interestingly, within the Hymenoptera, the family Eulophidae contains species 
with diverse biologies, ranging from predominantly parasitoids to gall formers and 
seed feeders (Gauthier et al. 2000). The Eulophidae represents the largest group 
of parasitoids within the Chalcidoidea and contains over 4000 described species, 
including many that have been successfully used for biological control (Noyes 1998; 
Gauthier et al. 2000). The origin of parasitism is thought to have arisen from the 
group ancestral to the Orussoidea and Apocrita (Whitfield 1998). Early parasitoids 
evolved from hymenopterans feeding on both wood-boring larvae and to a lesser 
extent on fungi. 

14.4 Gall Formers of Forest Trees 

Gall forming insects are present on all continents except Antarctica and infest many 
forest tree species including both hardwood and softwood species. In some cases 
these infestations are not considered to significantly affect the health of the trees, 
whereas in other cases these insects are reported as serious pests. The majority have 
been reported from the northern hemisphere, but it is unclear whether this is a true 
reflection of higher diversity or if it is due to differences in reporting and research on 
these insects between the two hemispheres. We provide a summary of gall forming 
insects known to infest forest trees in Table 14.2, focusing on those that are considered 
as pests and/or which have been well studied.

Although gall forming insects that infest forest tree species are present in a 
number of insect orders and families, most of these insects are from the Adel-
gidae (Hemiptera), the Cecidomyiidae (Diptera), and the Cynipidae and Eulophidae 
(Hymenoptera) (Table 14.2). The Cecidomyiidae gall formers are associated with a 
range of host trees and gall types, including artichoke-shaped galls of some of the 
Dasineura species, spindle shaped galls at the base of pine needles, and galls which 
at maturity resemble a small flower on the branches. Nearly all of the adelgid gall 
formers belong to the genus Adelges. Several of these species have been shown to be 
holocyclic, where the primary host is always Picea and the secondary host is Abies, 
Larix, Pseudostuga, Tsuga or Pinus. These insects cause damage at the non-galling 
(asexual) stage, whereas the galling stage is not considered problematic. The galls 
resemble small pineapples. 

Most of the Cynipidae are gall formers on oak species and associated with visu-
ally striking galls, sometimes with the appearance of apples. The oak gall wasps are 
also known to have complex communities of parasitoids and inquilines. An impor-
tant cynipid that is not associated with oaks is the chestnut gall wasp, Dryocosmus
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kuriphilus. This insect is native to China, but has been introduced into other parts 
of Asia, North America and Europe where it infests chestnut trees and can cause 
substantial damage. Of the Eulophidae, the best-known species are Leptocybe invasa, 
Ophelimus maskeli and O. eucalypti, all of which are invasive pests of Eucalyptus 
(Dittrich-Schröder et al. 2020). 

Gall forming insects of forest tree species are less common in the orders 
Coleoptera and Lepidoptera. Examples include the poplar gall Saperda inornata 
(Coleoptera: Ceramycidae) and the boxelder twig borer, Proteotera willingana (Lepi-
doptera: Olethreutidae), which infest poplar and maple in North America, respec-
tively (Table 14.2). Other families which include gall forming insects on forest trees 
include Agromyzidae in the Diptera; Aphidae and Homotomidae in the Hemiptera; 
Eurytomidae, Pteromalidae and Tenthredinidae in the Hymenoptera. 

14.5 Management 

In cases where gall insects become serious pests on forest trees, a number of manage-
ment options exist. Chemical control is of limited use as the majority of the insect’s 
life cycle is protected within the gall. Systemic insecticides may be effective in a 
small number of cases. For example, stem injections of individual trees are used to 
control the hemlock woolly adelgid, Adelges tsugae (Csóka et al. 2017). However, 
the use of systemic insecticides is generally not a financially feasible option for large 
areas of forest (i.e. in natural or plantation forests). 

Natural enemies of gall forming insects can assist to maintain populations at low 
levels. Although the natural enemies of many of the gall forming insects are not 
known, where they have been studied, gall formers have often been found to have 
a number of parasitoids (Table 14.1). For invasive gall insects a classical biological 
control (CBC) approach has often been used, as is the case with the eucalypt-infesting 
gall wasps, L. invasa and O. maskelli (Protasov et al. 2007; Kim et al. 2008; Dittrich-
Schröder et al. 2014). There are no known parasitoids of adelgid gall formers, and 
thus biological control programmes for these gall formers have focused on pathogens 
and predators. 

Host genetic selection is a management approach that is often used in plantation 
forests. Here, more resistant species or genotypes are planted, replacing those that 
are more susceptible. This approach can include in field or nursery screening trials 
(Dittrich-Schröder et al. 2012) in addition to research elucidating the mechanisms 
behind host resistance (Oates et al. 2015, 2016). This approach can be very successful 
to control gall insects due to their high host specificity. 

It is important to note that most gall forming insects that infest forest trees are not 
considered pests, and of those that are considered pests, many are not of economic 
concern and thus do not require management. This is partly because most gall forming 
insects have not established outside their native range, and within their native range 
their impact is limited by bottom-up (e.g. host resistance) and top-down (e.g. natural 
enemies) factors. For example, although there has been much study on the parasitoid
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community of the oak gall wasps, Andricus spp. (Stone and Sunnucks 1993; Stone 
et al. 1995) (see Case Study 14.6.2), biological control programmes for these wasps 
has not been necessary. Native gall forming insects can still become serious pests, but 
it is often the non-native introduced species that require management intervention. 
This has been the case with the gall wasps of Eucalyptus, such as Leptocybe invasa 
(see Case Study 14.6.3). 

14.6 Case Studies 

14.6.1 Adelges cooleyi (Gillette 1907), Cooley Spruce Gall 
Adelgid (Adelgidae, Hemiptera) 

The Cooley Spruce Gall Adelgid (Fig. 14.2) is native to Western North America and 
reproduces by cyclical parthenogenesis (Havill and Foottit 2007). Cyclical partheno-
genesis may be defined as “several rounds of clonal reproduction followed by a 
sexual event” (Rouger et al. 2016). The duration of the entire life cycle is two years. 
This species is holocyclic, which refers to the occurrence of sexual reproduction 
in at least one of the generations, whereas reproduction during the other genera-
tions is parthenogenic. A characteristic of holocyclic species is the use of alternate 
hosts to complete their life cycle. Adelges cooleyi has five distinct generations of 
which three occur on its primary host, spruce (Picea sitchensis, Picea pungens and 
Picea engelmanii), and two occur on its secondary hosts Douglas fir and the big-
cone Douglas fir (Pseudotsuga menziesii and Pseudotsuga macrocarpa). Holocyclic 
species form galls on their primary host and utilise their secondary host to support 
the parthenogenetic generations (Havill and Foottit 2007).

Winged adelgids, also known as sexupare, move from their secondary host to their 
primary host where they lay a single clutch of eggs. Thereafter, the sexupare die and 
the eggs are sheltered by their wings until they hatch. Male and female offspring are 
wingless and feed at the emergence site until the end of the fourth instar (Havill and 
Foottit 2007). Moulting occurs and the adult generation move towards the centre of 
the tree where they mate (Havill and Foottit 2007). Thereafter a large single egg is 
laid which gives rise to a wingless form, known as a fundatrix. The fundatrix selects 
a bud where she will overwinter until spring. At the onset of spring she feeds on 
the sap of the bud thereby initiating gall formation. Once the fundatrix is mature 
she produces a cluster of eggs that hatch into brown nymphs. These nymphs or 
gallicolae crawl into and feed inside the gall. The size of the gall is an indication 
of the number of nymphs present, with large galls containing more nymphs than 
smaller galls (Sopow and Quiring 2001). At the onset of summer the gall opens, 
allowing the gallicolae to emerge and moult into adults (Havill and Foottit 2007). 
This generation is winged allowing the gallicolae to disperse to their secondary host 
to lay eggs. The offspring emerging from these eggs are referred to as exules and are 
parthenogenic females. A portion of these exules, the progredientes, reproduce by
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Fig. 14.2 The Cooley Spruce Adelgid, Adelges cooleyi: A winged female; B adult sistens with egg 
mass; C gallicolae feeding inside gall chambers; D nymphs; E Douglas fir infested with Adelges 
cooleyi; F old hardened gall case. Photo credits: A © Image, copyright Claude Pilon/Les Hemipteres 
du Quebec – pucerons all rights reserved, B © http://influentialpoints.com/Gallery/Adelges_cool 
eyi_Douglas_fir_adelgid_Cooley_spruce_gall_adelgid.htm#identi, C © courtesy of Whitney Cran-
shaw, Colorado State University / copyright Bugwood.org, D and E © D. Manastyrski/Cone and 
Seed Insect Pest Leaflet No. 14, F © Courtesy Ies, licensed under the Creative Commons Attribution 
3.0 United States license/https://creativecommons.org/licenses/by/3.0/us/legalcode

http://influentialpoints.com/Gallery/Adelges_cooleyi_Douglas_fir_adelgid_Cooley_spruce_gall_adelgid.htm#identi
http://influentialpoints.com/Gallery/Adelges_cooleyi_Douglas_fir_adelgid_Cooley_spruce_gall_adelgid.htm#identi
http://www.Bugwood.org
https://creativecommons.org/licenses/by/3.0/us/legalcode
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parthenogenesis whereas others, the sistentes, overwinter on their secondary host. 
After overwintering, sistentes start feeding in early spring and produce waxy hair-like 
protrusions. They lay eggs which give rise to both winged and wingless offspring. The 
wingless generation remains on the secondary host whereas the winged generation 
return to their primary host where they produce both male and female offspring. 

Damage on the primary host, spruce, is mainly aesthetic however severe gall-
formation on the branch tips may lead to mortality of the growing tips. The feeding 
activities of A. cooleyi nymphs on the secondary host, Douglas fir and big-cone 
Douglas fir, cause needle discolouration and may cause the dropping of needles. As 
a result of the honey dew excreted by the feeding nymphs, black sooty mould may 
develop. Large numbers of adelgids may lead to a reduction in seed production. 

Natural predators, such as lacewings, assassin bugs and lady beetles, are an impor-
tant component of adelgid control. The effectiveness of insecticidal control is limited 
due to the waxy hair-like covering protecting many life stages of the insect. Short 
periods in the life cycle of adelgids are suitable for use of insecticidal soap, such as 
the emergence of nymphs from the eggs. Management approaches include ensuring 
that both primary and secondary hosts are not planted in close proximity. 

14.6.2 Andricus spp., Andricus Gall Wasps (Cynipidae, 
Hymenoptera) 

The oak gall wasps belong to the tribe Cynipini (Cynipidae: Hymenoptera) and are 
characterized by their heterogonic (cyclically parthenogenic) life cycle. Each species 
produces an asexual and bisexual generation that have morphologically distinct galls 
associated with the plant family Fagaceae, specifically on Quercus (oaks) (Cook 
et al. 2002). There are approximately 1000 known species of oak gall wasps, of 
which the Andricus genus (Fig. 14.3) is one of the largest and most ecologically 
diverse (Cook et al. 2002). Species from this genus exhibit a lifecycle that involves 
two generations per year: sexual in spring and asexual (agamic) in autumn (Fig. 14.4). 
Each generation is specific with regards to the host species and the plant organ it 
attacks. Thus cynipids such as Andricus, which have a heterogonic life cycle, are 
restricted to the areas which contain both its hosts; this prerequisite is important in 
determining their patterns of global distribution (Stone et al. 2002).

There are four host-altering gall wasps from the genus Andricus (Andricus corrup-
trix, A. kollari, A. lignicola and A. quercuscalicis) that are native to south-eastern 
Europe but have become invasive in Britain since 1934. The sexual generation of 
these species occurs in spring on Quercus cerris (Turkey oak) and the asexual gener-
ation in autumn on Q. robur (English oak) and Q. petreae (sessile oak) (Schönrogge 
et al. 1998). Quercus cerris is a necessary secondary host for these gall wasps and 
their invasion was likely facilitated by its introduction into Britain (Schönrogge et al. 
1998). Quercus cerris has been planted further north and west from its native range 
and this has created patches where it co-occurs with other Quercus species native
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Fig. 14.3 The oak gall wasps, Andricus spp. A agamic gall induced by A. quercuscalicis (Knopper 
gall); B agamic gall induced by A. kollari; C agamic gall induced by A. lignicola; D agamic gall 
induced by A. corruptrix. Photo credits: A, B and C © David Fenwick/http://www.aphotofauna. 
com; D © Saxifraga – Frits Bink

to those areas (Stone et al. 2002). As a consequence of anthropogenic activity and 
the ability of Q. cerris to self-seed, it is likely that the area containing the necessary 
hosts to support the spread of Andricus wasps will increase (Stone and Sunnucks 
1993; Walker et al.  2002). 

As mentioned above, heterogonic life cycles are used by gall formers from many 
insect families. This mode of reproduction consists primarily of an annual agamic 
generation with a single sexual generation prompted by environmental cues (Stone 
et al. 2002). The heterogonic reproduction of the Cynipid wasps in general is unusual 
because of the strict alternation between sexual-agamic generations. As mentioned 
above, the gall which contains the sexual generation in oak gall wasps develops 
during the spring on Quercus cerris. After emergence from these galls, females 
mate and then oviposit on either Q. robur or Q. petreae. The resulting galls produce 
the asexual generation. In autumn, these females emerge and oviposit eggs on Q. 
cerris, which are dormant until spring the following year and the cycle begins again 
(Fig. 14.4). Deviations occur from this general pattern depending on the species 
and environmental conditions (Stone et al. 2002). The life-cycle of A. kollari alters 
depending on where it is geographically situated, in southern Europe it follows an 
annual life cycle, whereas in northern Scotland its development takes two years.

http://www.aphotofauna.com
http://www.aphotofauna.com
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Fig. 14.4 An annotated diagram illustrating the heterogonic life cycle of the four invasive Andricus 
wasps (Andricus corruptrix, A. kollari, A. lignicola and A. quercuscalicis) described in this case 
study. This is a generalized depiction of the life-cycle, each species have slight deviations from 
the general rule, such as the organ choice. The agamic female wasp oviposition occurs in spring, 
the bisexual generation develops in the small blister-like galls. The bisexual generation mates and 
oviposits in Autumn, where the agamic females develop in large conspicuous galls. They alter 
between two hosts. Inset image of the Andricus quercuscalicis (Knopper) agamic gall. Photo credit: 
David Fenwick/http://www.aphotofauna.com). The Diagram was constructed by one of the authors, 
C. Gevers

Andricus corruptrix, A. lignicola and A. kollari induce galls on buds in both their 
sexual and agamic generations. In spring, the sexual galls on Quercus cerris are 
minute galls that are virtually unnoticeable as they barely protrude from the scales of 
the bud. In contrast, the agamic generation produces large conspicuous galls on either 
Q. robur or Q. petreae during the autumn months (Schönrogge et al. 2000). Andricus 
quercuscalicis is slightly different as the sexual generation induces small galls on 
the catkins of Q. cerris and the asexual generation produces a yellowish-green rigid 
gall on the acorns (knopper gall) of Q. robur in autumn, hence its common name of 
the knopper gall wasp (Schönrogge et al. 2000). The adults of the sexual generation 
are generally much smaller than the adults of the asexual generation, and produce 
fewer eggs, only 70–80 eggs in comparison to the 800–1000 eggs produced by the 
asexual generation (Hails and Crawley 1991). 

The communities associated with these four Andricus species have been studied 
in detail (Stone and Sunnucks 1993; Rokas et al. 2003) and are fascinating in that the 
suite of natural enemies attracted to the sexual and asexual generations differ (Stone 
et al. 1995). It has been suggested that the alteration of generations in the Cyinipidae 
wasp may have allowed them to escape their natural enemies by “partitioning the 
host space” for the parasitoids (Stone et al. 1995). It is interesting that in general these 
four wasps share parasitoids and inquilines. For example, they share the parasitoids 
Mesopolobus dubius (except in A. kollari), M. fuscipes and M. tibialis (except in

http://www.aphotofauna.com
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A. corruptrix) in their sexual galls. However, there are parasitoids, for example, 
Megastigmus stigmatizan, which has currently only been seen to emerge from the 
agamic gall of Andricus kollari (Hayward and Stone 2005). 

The appearance and structure of the gall is imperative in determining the commu-
nity of insects (natural enemies) able to gain access to the gall. With regards to the 
Andricus wasps, the galls for each generation are noticeably different. The agamic 
galls have a longer developmental time (approximately four months), the size is 
almost 1000 times larger than the sexual galls, and they have thick woody walls and 
harbour inquilines and a more diverse community of parasitoids and inquilines (Stone 
et al. 1995). Conversely, the significantly smaller and thin walled sexual galls develop 
in approximately three weeks and do not appear to attract inquilines as effectively, 
thus attracting natural enemies that are predominantly parasitoids. 

In addition to gall morphology, the host tree can also influence the parasitoid 
community. Quercus robur, which houses the agamic galls of Andricus, has been 
present in the invaded range for thousands of years and attracted other gall forming 
cynipids besides Andricus, indicating that there is already a rich diversity of para-
sitoids and inquilines present in the invaded range (Schönrogge et al. 2000). In 
contrast, Q. cerris has been invasive for fewer than 500 years, which has caused it to 
have a more patchy and random distribution (Stone and Sunnucks 1993; Stone et al. 
1995). It is hypothesized that the more recent invasion of Q. cerris has likely affected 
the availability of parasitoids that are able to attack both the sexual and agamic galls 
as the sexual generation only develops on this host. 

14.6.3 Leptocybe invasa (Fisher & LaSalle), Bluegum 
Chalcid (Eulophidae, Hymenoptera) 

Leptocybe invasa, commonly referred to as the bluegum chalcid, is a wasp in the 
family Eulophidae that induces galls on Eucalyptus trees (Fig. 14.5). Although native 
to Australia, the first report, and subsequent description, of this insect was in 2000 
when it was detected outside its native range, in Israel (Mendel et al. 2004). Subse-
quent to its detection in 2000, L. invasa has spread to Europe, Asia, Africa, South 
and North America, as well as New Zealand. By means of molecular markers it 
was shown that the global distribution of L. invasa in fact represents two different 
lineages, possibly different species (Nugnes et al. 2015). The lineage originally intro-
duced into Israel (Lineage A) is also present in Europe, the Americas, eastern and 
southern Africa and parts of Asia, while Lineage B is present in Asia, Ghana and 
South Africa (Dittrich-Schröder et al. 2018). However, the exact distribution of these 
two lineages is only just being explored and is also expected to change over time due 
to the continued natural and human-assisted movement of the insect. Countries that 
contain both lineages could lead to genetic admixture (Dittrich-Schröder et al. 2018). 
Interestingly, to date (as of 2018), Lineage A, from which L. invasa was described, 
has not yet been found in Australia, the assumed native range.
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Fig. 14.5 The bluegum chalcid, Leptocybe invasa. A adult female wasp; B oviposition scars on 
midrib of leaf; C gall on midrib of leaf; D gall on petiole of leaf; E gall showing adult emergence 
holes; F damage from L. invasa (trees in foreground are a susceptible Eucalyptus clone, whereas 
trees in background are a resistant Eucalyptus clone) 

Gall formation is induced when female L. invasa oviposits in the host plant. 
Oviposition sites include the stems, midribs and petioles of young leaves. Eggs 
are laid 0.3–0.5 mm apart in a line. A spherical ‘bump-shaped’ gall is formed and 
galls often fuse on a leaf (Fig. 14.5). Mendel et al. (2004) recognized five stages of 
galls, where the colour changes from green to pink to red as the gall matures, and 
light brown on adult emergence; however, the gall colour can also be influenced by 
exposure to the sun. The larvae develop within separate cavities within the gall. The 
exact number of larvae on one gall or leaf is highly variable, ranging from 1 to over 
60 (Mendel et al. 2004).
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Emerging adults are about 1.1–1.4 mm in length, although the male is often smaller 
in size. The head and body are brown with a blue to green metallic shine, and the legs 
are yellow (except last tarsal segment, which is brown) (Mendel et al. 2004) When 
L. invasa was first recorded in Israel no males were found in the population and the 
wasp was thought to reproduce thelytokously. However, males were subsequently 
found in Asia and other invaded areas, suggesting occasional sexual reproduction. 
Endosymbiotic bacteria in the genus Rickettsia are suggested to induce thelytokous 
parthenogenesis in L. invasa populations (Nugnes et al. 2015). Laboratory studies 
have stated a mean potential female fecundity of 158 eggs/female, and mean develop-
ment time from oviposition to emergence of 132 days (at room temperature) (Mendel 
et al. 2004; Sangtongpraow et al. 2011). 

Galling on the Eucalyptus hosts results in malformation and stunted growth of 
the plant and in severe cases tree death. In its invaded range, L. invasa has resulted in 
substantial losses in eucalypt plantations and is considered one of the most serious 
insect pests of Eucalyptus. One of the main management approaches is host selection; 
L. invasa has a relatively narrow host range, which allows more resistant species and 
hybrids to be selected for planting (Javaregowda and Prabhu 2010; Nyeko et al. 2010; 
Dittrich-Schröder et al. 2012). However, this approach requires the continual devel-
opment of new species and clones due to the continual arrival of new insect pests with 
differing host preference. Biological control is the other main management approach. 
Biological agents released include Quadrastichus mendeli, Selitrichodes kryceri, S. 
neseri and Megastigmus species (Kim et al. 2008; Kelly et al. 2012; Dittrich-Schröder 
et al. 2014). There have also been a number of Megastigmus species which have been 
found to be associated with L. invasa in the invaded range (Sangtongpraow and Char-
ernsom 2013); some of these are thought to be parasitoids of L. invasa, but in other 
cases, the role of these species and their interaction with introduced biological control 
agents is uncertain (Gevers et al. 2021). Systemic insecticides have been reported to 
be effective in some cases (Jhala et al. 2010), but their use is often limited due to 
high costs and restrictions from forestry certification bodies. 

References 

Atkinson RJ, Brown GS, Stone GN (2003) Skewed sex ratio and multiple founding in galls of the 
oak gall wasp Biorhiza pallida. Ecol Entomol 28:14–24 

Berry JA, Withers TM (2002) New gall-inducing species of ormocerine pteromalid (Hymenoptera: 
Pteromalidae: Ormocerinae) described from New Zealand. Aust J Entomol 41:18–22 

Borowlec N, La Salle J, Brancaccio L, Thon M, Warot S, Branco M, Ris N, Malausa J, Burks 
R (2018) Ophelimus mediterraneus sp. n. (Hymenoptera, Eulophidae): a new Eucalyptus gall 
wasp in the Mediterranean region. Bull Entomol Res 109:678–694 

Brooks SE, Shorthouse JD (1998) Developmental morphology of stem galls of Diplolepis nodulosa 
(Hymenoptera: Cynipidae) and those modified by the inquiline Periclistus pirata (Hymenoptera: 
Cynipidae) on Rosa blanda (Rosaceae). Can J Bot 76:365–381 

Browne FG (1968) Pests and diseases of forest plantation trees: an annotated list of the principal 
species occurring in the British Commonwealth. Clarendon Press, Oxford



14 Gall Formers 489

Bugbee RE (1970) Descriptions of two new species from Euura galls and redescriptions of three 
Ashmead species of the genus Eurytoma (Hymenoptera: Eurytomidae). Ann Entomol Soc Am 
63:433–437 

Bulaon B (2005) Management guide for Douglas-fir needle midges. Forest Health Protection and 
State Forestry Organizations, USA 

Carter CI (1971) Conifer woolly aphids (Adelgidae) in Britain, vol 42. Forestry Commission, 
England 

Chen C, Applybyby J (1984) Biology of the cypress twig gall midge, Taxodiomyia cupressiananassa 
(Diptera: Cecidomyiidae), in central Illinois. Ann Entomol Soc Am 77:203–207 

Chinery M (2011) Britain’s plant galls: a photographic guide. ABC Print, Hampshire 
Ciesla WM (2011) Forest entomology: a global perspective. John Wiley & Sons, West Sussex 
Claridge MF (1962) Andricus quercuscalicis (Burgsdorf) in Britain (Hymenoptera: Cyniipdae). 

The Entomologist 95:60–61 
Cobbinah JR (1986) Factors affecting the distribution and abundance of Phytolyma lata (Homoptera: 

Psyllidae). Int J Insect Sci 7:111–115 
Cook LG, Gullan PJ (2004) The gall-inducing habit has evolved multiple times among the eriococcid 

scale insects (Sternorrhyncha: Coccoidea: Eriococcidae). Biol J Linn Soc 83:441–452 
Cook JM, Rokas A, Pagel M, Stone GN (2002) Evolutionary shifts between host oak sections and 

host-plant organs in Andricus gallwasps. Evolution 56:1821–1830 
Crawley MJ (1997) Aphelonyx cerricola Giraud (Hym., Cynipidae), an alien gall-former new to 

Britain. Entomol Mon Mag 133:61 
Csóka G, Stone GN, Melika G (2017) Non-native gall-inducing insects on forest trees: a global 

review. Biol Invasions 19:3161–3181 
Dittrich-Schröder G, Harney M, Neser S, Joffe T, Bush S, Hurley BP, Wingfield MJ, Slippers B 

(2014) Biology and host preference of Selitrichodes neseri: A potential biological control agent 
of the Eucalyptus gall wasp, Leptocybe invasa. Biol Control 78:33–41 

Dittrich-Schröder G, Hoareau TB, Hurley BP, Wingfield MJ, Lawson S, Nahrung HF, Slippers 
B (2018) Population genetic analyses of complex insect invasions in managed landscapes: A 
Leptocybe invasa (Hymenoptera) case study. Biol Control 20:2395–2420 

Dittrich-Schröder G, Hurley BP, Wingfield MJ, Nahrung HF, Slippers B (2020) Invasive gall-
forming wasps that threaten non-native plantations-grown Eucalyptus: diversity and invasion 
patterns. Agric For Entomol 22:285–297 

Dittrich-Schröder G, Wingfield MJ, Hurley BP, Slippers B (2012) Diversity in Eucalyptus 
susceptibility to the gall-forming wasp Leptocybe invasa. Agric For Entomol 14:419–427 

Dreger-Jauffret F, Shorthouse JD (1992) Diversity of gall-inducing insects and their galls. In: 
Shorthouse JD, Rohfritsch O (eds) Biology of insect-induced galls. Oxford University Press, 
UK 

Drooz AT (1985) Insects of eastern forests. USDA Forest Service 
Fagan MM (1918) The uses of insect galls. Am Nat 52:155–176 
Felt EP (1917) Key to American insect galls. New York State Museum Bulletin No. 200 
Felt EP (1940) Plant galls and gall makers. Comstock Publishing, Ithaca, NY 
Ferraz FFF, Monteiro RF (2003) Complex interactions envolving a gall midge Myrciamyia mari-

caensis Maia (Diptera, Cecidomyiidae), phytophagous modifiers and parasitoids. Rev Bras Zool 
20:433–437 

Foottit RG, Floate K, Maw E (2010) Molecular evidence for sympatric taxa within Pemphigus betae 
(Hemipetra: Aphididae: Eriosomantinae). Can Entomol 142:344–353 

Fukatsu T, Aoki S, Kurosu U, Ishikawa H (1994) Phylogeny of Cerataphidini aphids revealed by 
their symbiotic microorganisms and basic structure of their galls: implications for host-symbiont 
coevolution and evolution of sterile soldier castes. Zool Sci 11:613–623 

Gauthier N, La Salle J, Quicke DLJ, Godfray HCJ (2000) Phylogeny of Eulophidae (Hymenoptera: 
Chalcidoidea) with a reclassification of Eulophinae and the recognition that Elasmidae are 
derived eulophids. Syst Entomol 25:521–539



490 B. P. Hurley et al.

Gevers CR, Dittrich-Schröder G, Slippers B, Hurley BP (2021) Interactions between hymenopteran 
species associated with gall-forming wasps: the Leptocybe invasa community as a case study. 
Agric For Entomol 23:146–153 

Hails RS, Crawley MJ (1991) The population dynamics of an alien Insect: Andricus quercuscalicis 
(Hymenoptera: Cynipidae). J Anim Ecol 60:545–561 

Hancey R, Hancey B (2004) First British records of Plagiotrochus quercusilicis. Cecidology 19:98 
Hardy NB, Cook LG (2010) Gall-induction in insects: evolutionary dead-end or speciation driver? 

BMC Evol Biol 10:257 
Harper LJ, Schönrogge K, Lim KY, Francis P, Lichtenstein CP (2004) Cynipid galls: insect-induced 

modifications of plant development create novel plant organs. Plant Cell Environ 27:327–335 
Havill NP, Foottit RG (2007) Biology and evolution of adelgidae. Annu Rev Entomol 52:325–349 
Hayward A, Stone GN (2005) Oak gall wasp communities: evolution and ecology. Basic Appl Ecol 

6:435–443 
Hollis D (1973) African gall bugs of the genus Phytolyma (Hemiptera, Psylloidea). Bull Entomol 

Res 63:143–154 
Hood GR, Ott JR (2011) Generational shape shifting: changes in egg shape and size between sexual 

and asexual generations of a cyclically parthenogenic gall former. Entomol Exp Appl 141:88–96 
Hutchinson MH (1974) Andricus lignicolus (Hartig) (Hymnoptera. Cynipidae) in S.E. England, a 

species new to Britain. Entomologist’s Rec 86:158–159 
Ide T, Wachi N, Abe Y (2012) Three new species and a new record of Cycloneuroterus 

(Hymenoptera: Cynipidae: Cynipini) inducing galls on Cyclobalanopsis in Japan. Ann Entomol 
Soc Am 105:539–549 

Inbar M, Wink M, Wool D (2004) The evolution of host plant manipulation by insects: molecular 
and ecological evidence from gall-forming aphids on Pistacia. Mol Phylogenet Evol 32:504–511 

Isaev AS, Barachikov YN, Malutina VS (1988) The larch gall midge in seed orchards of south 
Siberia. In: Berryman AA (ed) Dynamics of forest insect populations: patterns, causes and 
implications. Plenum Press, New York, pp 19–44 

Javaregowda J, Prabhu ST (2010) Susceptibility of Eucalyptus species and clones to gall wasp, 
Leptocybe invasa Fisher and La Salle (Eulophidae: Hymenoptera) in Karnataka. Karnataka J 
Agric Sci 23:220–221 

Jhala RC, Patel MG, Vaghela NM (2010) Effectiveness of insecticides against blue gum chalcid, 
Leptocybe invasa Fisher & La Salle (Hymenoptera: Eulophidae), infesting eucalyptus seedlings 
in middle Gujarat, India. Karnataka J Agric Sci 23:84–86 

Kearfort WD (1904) A new Proteopteryx. Can Entomol 36:306 
Kelly J, La Salle J, Harney M, Dittrich-Schröder G, Hurley BP (2012) Selitrichodes neseri n.sp., a 

new parasitoid of the eucalyptus gall wasp Leptocybe invasa Fisher & La Salle (Hymenoptera: 
Eulophidae: Tetrastichinae). Zootaxa 3333:50–57 

Kim I-K, McDonald M, La Salle J (2005) Moona, a new genus of tetrastichiniae gall inducers 
(Hymenotpera: Eulophidae) on seeds of Corymbia (Myrtaceae) in Australia. Zootaxa 989:1–10 

Kim I-K, Mendel Z, Protasov A, Blumberg D, La Salle J (2008) Taxonomy, biology, and efficacy 
of two Australian parasitoids of the eucalyptus gall wasp, Leptocybe invasa Fisher & La Salle 
(Hymenoptera: Eulophidae: Tetrastichinae). Zootaxa 1910:1–20 

Kinsey AC (1920) Phylogeny of cynipid genera and biological characteristics. Bull Am MusM Nat 
Hist 42:357–402 

Klein H (2009) Wasps (Hymenoptera: Chalcidoidea) associated with galls in seed-capsules of Euca-
lyptus camaldulensis (Myrtaceae) in South Africa: Species composition, trophic relationships 
and effects. Masters, University of Cape Town 

Klein H, Hoffmann JH, Neser S, Dittrich-Schröder G (2015) Evidence that Quadrastichodella 
nova (Hymenoptera: Eulophidae) is the only gall inducer among four hymenopteran species 
associated with seed capsules of Eucalyptus camaldulensis (Myrtaceae) in South Africa. Afr 
Entomol 23:207–223 

Kollár J (2007) The harmful entomofauna of woody plants in Slovakia. Acta Entomol Serbica 
12:67–69



14 Gall Formers 491

Johnson WT, Lyon HH (1988) Insects that feed on trees and shrubs. Cornell University Press, Ithaca, 
New York 

La Salle J, Arakelian G, Garrison RW, Gates MW (2009) A new species of invasive gall wasp 
(Hymenoptera: Eulophidae: Tetrastichinae) on blue gum (Eucalyptus globulus) in California. 
Zootaxa 2121:35–43 

Malyshev SI (1968) Genesis of the Hymenoptera and the phases of their evolution. Methuen, London 
Medonça MDJ (2001) Galling insect diversity patterns: the resource synchronisation hypothesis. 

Oikos 95:171–176 
Mendel Z, Protasov A, Fisher N, La Salle J (2004) Taxonomy and biology of Leptocybe invasa 

gen. & sp. n. (Hymenoptera: Eulophidae), an invasive gall inducer on Eucalyptus. Aust J Entomol 
43:101–113 

Molina-Mercader G, Angulo AO, Olivares TS, Sanfentees E, Castillio-Salazar M, Rojas E, 
Toro-Núnez O, Benítez HA, Hasbún R (2019) Ophelimus megdanorum Molina-Mercader 
sp. nov. (Hymenoptera: Eulophidae): application of integrative taxonomy for disentangling a 
polyphenism case in Eucalyptus glubulus Labil forest in Chile. Forests 10:720 

Molnár B, Boddum T, Szöcs G, Hilbur Y (2009) Occurrence of two pest gall midges, Oboloiplosis 
robiniae (Haldeman) and Dasineura gleditchiae (Osten Sacken) (Diptera: Cecidomyiidae) on 
ornamental trees in Sweden. Entomolologica Tidskr 130:113–120 

Moriya S, Inoeum K, Ôtake A, Shiga M, Mabuchi M (1989a) Decline of chestnut gall wasp popu-
lation, Dryocosmus kuriphilius Yasumatsu (Hymenoptera: Cynipidae) after the establishment 
of Torymus sinensi Kamijo (Hymenoptera: Torymidae). Appl Entomol Zool 24:231–233 

Moriya S, Inoue K, Otake A, Shiga M, Mabuchi M (1989b) Decline of the chesnut gall wasp popu-
lation, Dryocosmus kurphilus Yasumatsu (Hymenoptera: Cynipidae) after the establishment of 
Torymus sinensis Kamijo (Hymenoptera: Torymidae). Appl Entomol Zool 24:231–233 

Morris DC, Mound LA, Schwarz MP, Crespi B (1999) Morphological phylogenetics of Australian 
gall-inducing thrips and their allies: the evolution of host-plant affiliations, domicile use and 
social behaviour. Syst Entomol 24:289–299 

Nicholas AH, Spooner-Hart RN, Vickers RA (2005) Abundance and natural control of the woolly 
aphid Eriosoma lanigerum in an Australian apple orchard IPM program. Biocontrol 50:271–291 

Nosil P, Crespi BJ (2006) Experimental evidence that predation promotes divergence in adaptive 
radiation. Proc Acad Nat Sci USA 103:9090–9095 

Noyes JS (1998) Catalogue of the Chalcidoidea of the world. Electronic Publication, Amsterdam 
Nugnes F, Gebiola M, Monti MM, Gualtieri L, Giorgini M, Wang J, Bernardo U (2015) Genetic 

diversity of the invasive gall wasp Leptocybe invasa (Hymenoptera: Eulophidae) and of its 
Rickettsia endosymbiont, and associated sex-ratio differences. PLoS ONE 10:e0124660 

Nyeko P, Mutitu KE, Otieno BO, Ngae GN, Day RK (2010) Variations in Leptocybe invasa 
(Hymenoptera: Eulophidae) population intensity and infestation on eucalyptus germplasms in 
Uganda and Kenya. Int J Pest Manage 56:137–144 

Nyman T (2002) The willow bud galler Euura mucronate Hartig (Hymenoptera; Tenthredinidae): 
one polyphage or many polyphages? Heredity 88:288–295 

Nyman T, Roininen H, Vuorinen J (1998) Evolution of different gall types in willow-feedgin sawflies 
(Hymenoptera: Tenthredinidae). Evolution 52:465–474 

Oates CN, Denby KJ, Myburg AA, Slippers B, Naidoo S (2016) Insect gallers and their plant hosts: 
from omics data to systems biology. Int J Mol Sci 17:1891 

Oates CN, Külheim C, Myburg AA, Slippers B, Naidoo S (2015) The transcriptome and terpene 
profile of Eucalyptus grandis reveals mechanisms of defence against the insect pest, Leptocybe 
invasa. Plant Cell Physiol 56:1418–1428 

Payne JA (1978) Oriental chesnut gall wasp: new nut pest in North America. Georgia, USA 
Price PW (2005) Adaptive radiation of gall-inducing insects. Basic Appl Ecol 6:413–421 
Protasov A, Blumberg D, Brand D, La Salle J, Mendel Z (2007) Biological control of the eucalyptus 

gall wasp Ophelimus maskelli (Ashmead): taxonomy and biology of the parasitoid species 
Closterocerus chamaeleon (Girault), with information on its establishment in Israel. Biol Control 
42:196–206



492 B. P. Hurley et al.

Raman A (2007) Insect-induced plant galls of India: unresolved questions. Curr Sci 92:748–757 
Raman A (2011) Morphogenesis of insect-induced plant galls: facts and questions. Flora 206:517– 

533 
Raman A, Schaeffer CW, Withers TM (2005) Biology, ecology and evolution of gall-inducing 

arthropods. Science Publishers Inc., Enfield 
Raman A, Withers TM (2003) Oviposition by introduced Ophelimus eucalypti (Hymenoptera: 

Eulophidae) and morphogenesis of female-induced galls on Eucalyptus saligna (Myrtaceae) in 
New Zealand. Bull Entomol Res 93:55–63 

Riley CV (1885) Notes on North American Psyllidae. Proc Biol Soc Wash 1882–1884(2):67–79 
Rohfritsch O (1992) Patterns in gall development. In: Shorthouse JD, Rohfritsch O (eds) Biology 

of insect-induced galls. Oxford University Press, New York, pp 60–86 
Rokas A, Atkinson RJ, Webster L, Csoka G, Stone GN (2003) Out of Anatolia: longitudinal gradients 

in genetic diversity support an eastern origin for a circum-Mediterranean oak gallwasp Andricus 
quercustozae. Mol Ecol 12:2153–2174 

Ronquist F, Liljeblad J (2001) Evolution of the gall wasp-host plant association. Evolution 55:2503– 
2522 

Ronquist F, Nieves-Aldrey JL, Buffington ML, Liu Z, Liljeblad J, Nylander JA (2015) Phylogeny, 
evolution and classification of gall wasps: the plot thickens. PLoS ONE 10:e0123301 

Rose AH, Lindquist OH (1999) Insects of eastern pines, vol 1313 
Roskam HC (1992) Evolution of the gall-inducing guild. In: Shorthouse JD, Rohfritsch O (eds) 

Biology of insect-induced galls. University Press, Oxford 
Rott AS, Godfray HCJ (2000) The structure of a leafmine-parasitoid community. J Anim Ecol 

69:274–289 
Rouger R, Reichel K, Masson JP, Stoeckel S (2016) Effects of complex life cycles on genetic 

diversity: cyclical parthenogenesis. Heredity 117:336–347 
Sangtongpraow B, Charernsom K (2013) Evaluation of parasitism capacity of Megastigmus thiti-

pornae Dogãnlar & Hassan (Hymenoptera: Torymidae), the local parasitoid of eucalyptus gall 
wasp, Leptocybe invasa Fisher & La Salle (Hymenoptera: Eulophidae). Kasetsart J 47:191–204 

Sangtongpraow B, Charernsom K, Siripatanadilok S (2011) Longevity, fecundity and development 
time of eucalyptus gall wasp, Leptocybe invasa Fisher & La Salle (Hymenoptera: Eulophidae) 
in Kanchanaburi province, Thailand. Thai J Agric Sci 44:155–163 

Schauff ME, Garrison R (2000) An introduced species of Epichrysocharis (Hymenoptera: 
Eulophidae) producing galls on Eucalyptus in California with notes on the described species 
and placement of genus. J Hymenoptera Res 9:176–181 

Schönrogge K, Begg T, Williams R, Melika G, Randle Z, Stone GN (2012) Range expansion and 
enemy recruitment by eight alien gall wasp species in Britain. Insect Conser Divers 5:298–311 

Schönrogge K, Stone GN, Crawley MJ (1996) Alien herbivores and native parasitoids: rapid devel-
opments and structure of the parasitoid and inquiline complex in an invading gall wasp Andricus 
quercuscalicis (Hymenoptera: Cynipidae). Ecol Entomol 21:71–80 

Schönrogge K, Walker P, Crawley MJ (1998) Invaders on the move: parasitism in the sexual galls of 
four alien gall wasps in Britain (Hymenoptera: Cynipidae). Proc R Soc B: Biol Sci 265:1643– 
1650 

Schönrogge K, Walker P, Crawley MJ (2000) Parasitoid and inquiline attack in the galls of four 
alien, cynipid gall wasps: host switches and the effect on parasitoid sex ratios. Ecol Entomol 
25:208–219 

Shorthouse JD, Wool D, Raman A (2005) Gall-inducing insects—nature’s most sophisticated 
herbivores. Basic Appl Ecol 6:407–411 

Singer MS, Stireman JO (2005) The tri-trophic niche concept and adaptive radiation of 
phytophagous insects. Ecol Lett 8:1247–1255 

Smith F (1954) A new British Cynips and the galls made thereby. Trans Proc Entomol Soc Lond 
3:35 

Smith EL (1968) Biosystematics and morphology of Symphyta: I. Stem galling Euura of the 
California region, and a new female nomenclature. Ann Entomol Soc Am 61:1389–1407



14 Gall Formers 493

Sopow SL, Quiring DT (2001) Is gall size a good indicator of adelgid fitness? Entomol Exp Appl 
99:267–271 

Stone GN, Atkinson RJ, Rokas A, Aldrey JL, Melika G, Acs Z, Csoka G, Hayward A et al (2008) 
Evidence for widespread cryptic sexual generations in apparently purely asexual Andricus 
gallwasps. Mol Ecol 17:652–665 

Stone GN, Cook JM (1998) The structure of cynipid oak galls: patterns in the evolution of an 
extended phenotype. Proc R Soc Lond Ser B: Biol Sci 265:979–988 

Stone GN, Schönrogge K (2003) The adaptive significance of insect gall morphology. Trends Ecol 
Evol 18:512–522 

Stone GN, Schönrogge K, Atkinson RJ, Bellido D, Pujade-Villar J (2002) The population biology 
of oak gall wasps (Hymenoptera: Cynipidae). Annu Rev Entomol 47:633–668 

Stone GN, Schönrogge K, Crawley MJ, Fraser S (1995) Geographic and between-generation varia-
tion in the parasitoid communities associated with an invading gallwasp, Andricus quercuscalicis 
(Hymenoptera: Cynipidae). Oecologia 104:207–217 

Stone GN, Sunnucks P (1993) Genetic consequences of an invasion through a patchy environment— 
the cynipid gallwasp Andricus quercuscalicis (Hymenoptera: Cynipidae). Mol Ecol 2:251–268 

Vardal H (2004) From parasitoids to gall inducers and inquilines: morphological evolution in cynipid 
wasps. Uppsala University 

Wagner MR, Cobbinah JR, Bosu PP (2008) Forest entomology in West Tropical Africa: forest 
insects of Ghana. Springer, Dordrecht, Netherlands 

Walker P, Leather SR, Crawley MJ (2002) Differential rates of invasion in three related alien oak 
gall wasps (Cynipidae: Hymenoptera). Divers Distrib 8:335–349 

Whitfield JB (1998) Phylogeny and evolution of host-parasitoid interactions in Hymenoptera. Annu 
Rev Entomol 43:129–151 

Withers TM, Raman A, Berry JA (2000) Host range and biology of Ophelimus eucalypti (Gahan) 
(Hym: Eulophidae), a pest of New Zealand eucalypts. NZ Plant Protect 53:339–344 

Zhang G, Zhong T, Tian Z (1980) Two new species and a new subspecies of Adelgidae from Sichuan, 
China (Homoptera: Adelgidae). Zool Res 1:381–388 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made. 

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

http://creativecommons.org/licenses/by/4.0/

	14 Gall Formers
	14.1 Introduction
	14.2 Natural History and Ecology
	14.2.1 Gall Formation
	14.2.2 Reproductive Strategies
	14.2.3 Gall Community

	14.3 Evolution and Diversity
	14.4 Gall Formers of Forest Trees
	14.5 Management
	14.6 Case Studies
	14.6.1 Adelges cooleyi (Gillette 1907), Cooley Spruce Gall Adelgid (Adelgidae, Hemiptera)
	14.6.2 Andricus spp., Andricus Gall Wasps (Cynipidae, Hymenoptera)
	14.6.3 Leptocybe invasa (Fisher & LaSalle), Bluegum Chalcid (Eulophidae, Hymenoptera)

	References


