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Introduction
Gall wasps (Hymenoptera: Cynipidae) are insects that 
interact with plants and induce specialized plant tissue 
structures called galls. Galls house the immature stages and 
provide them protection from natural enemies. Most cynip-
ids are not considered economic pests (Stone et al. 2002). 
A notable exception is Dryocosmus kuriphilus Yasumatsu, 
also called the Asian chestnut gall wasp, which induces galls 
mostly on leaves and buds of all chestnut species (Casta-
nea spp., Fagales: Fagaceae). This wasp is considered the 
most important pest of chestnut trees throughout the world 
(Moriya et al. 1989; Brussino et al. 2002; Aebi et al. 2006). 
Originally from China, Dryocosmus kuriphilus was acci-
dentally introduced in the United States in 1974 (Bernardo 
et al. 2013). Since its first recorded sighting in Fort Valley 
(Peach County), Georgia, the wasp spread northward, and 
now covers nearly 1.5 million square kilometers. It has not 
yet been recorded in Florida, but movement of infested 
plant material for nut production or ornamental purposes 
and natural dispersal by flight represent a risk of potential 
invasion in the state.

Distribution
Originally from China, Dryocosmus kuriphilus was first 
reported in Japan in 1941 and then observed in Korea in 

1958. It was accidentally introduced into the US in 1974, 
where it was detected in Georgia on Chinese chestnut 
(Castanaea mollissima) after the importation of infested 
plant material by a private grower (Rieske 2007). Within 
ten years, it was reported to cause damage to local chestnut 
orchards with Chinese and Japanese chestnut varieties 
(Aebi et al. 2006). It was more recently detected in northern 
Nepal in 1999. In Europe, it was first recorded in the 
Piedmont region of Italy in 2002 (Aebi et al. 2007). Since 
2002, Dryocosmus kuriphilus has spread throughout Italy 
to France and Slovenia in 2005 (Aebi et al. 2006), Hungary 
and Switzerland in 2009, Croatia and Netherlands in 
2010, Slovakia, the Czech Republic, and Spain in 2012, 

Figure 1. Galls induced by Dryocosmus kuriphilus.
Credits: Emilie P. Demard, UF/IFAS
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then Turkey and Portugal in 2014 (European Food Safety 
Authority 2010; Gibbs et al. 2011; Borowiec et al. 2014).

In the US, the gall wasp is known to occur in Georgia, 
Alabama, North Carolina, Tennessee, Virginia, Kentucky, 
Ohio, Maryland, and Pennsylvania (Rieske 2007). In 
Florida, Dryocosmus kuriphilus has never been reported. 
However, chestnuts can be grown in north Florida, and 
chestnut cultivation could represent an alternative crop 
for growers who are looking to diversify their production. 
Climate change and global warming may also create favor-
able conditions for the growth of this crop in Florida. Thus, 
the Asian chestnut gall wasp may become a future threat for 
the state.

Description
Eggs
The eggs of Dryocosmus kuriphilus are oval, milky white, 
and 0.1–0.2 mm long with a long stalk.

Larvae
The larvae are eyeless and legless. They measure about 2.5 
mm long when fully grown. Their color is generally milky 
white.

Pupae
The pupae are 2.5 mm long, black or dark brown.

Adult
The adult female is 2.5 to 3.0 mm long on average and has 
a black body. The wings are membranous and translucent, 
and the legs are orange to brown (European and Mediter-
ranean Plant Protection Organization 2005). Males are 
unknown.

Life Cycle
The Asian chestnut gall wasp is a univoltine species, that 
is, it only produces one generation per year. It reproduces 
by thelytokous parthenogenesis (reproduction is achieved 

Figure 2. Worldwide distribution of Dryocosmus kuriphilus.
Credits: European and Mediterranean Plant Protection Organization 
Global database (2017) (available online at: https://gd.eppo.int/taxon/
DRYCKU/distribution)

Figure 3. Larvae of Dryocosmus kuriphilus.
Credits: Hélina Deplaude, Chambre d’Agriculture d’Ardèche

Figure 4. Pupa of Dryocosmus kuriphilus.
Credits: Hélina Deplaude, Chambre d’Agriculture d’Ardèche

Figure 5. Adult female of Dryocosmus kuriphilus.
Credits: Hélina Deplaude, Chambre d’Agriculture d’Ardèche
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without mating and the unfertilized egg develops into a 
female). Sexual reproduction has never been observed. This 
results in a population entirely composed of female clones 
(Bernardo et al. 2013).

Adults emerge in early summer, and females lay eggs imme-
diately inside chestnut twig buds. The eggs hatch within 30 
to 40 days. First instars overwinter and remain in this stage 
until spring. At bud burst in spring, larval activity resumes, 
causing the formation of green or rose-colored galls 
(Borowiec et al. 2014). Each gall can potentially contain 
more than 16 larval chambers. An average of 3.5 larvae per 
gall is observed, but this number varies greatly depending 
on gall wasp pressure, bud size, and chestnut variety (Kato 
and Hijii 1997; Cooper and Rieske 2011; Panzavolta et al. 
2013). After activity resumes, the larva lives in the gall for 
30 to 70 days (50 days on average) (Ding et al. 2004).

The fully developed adult females remain in the gall for 10 
to 15 days before emerging (Gibbs et al. 2011). When adults 
emerge during June–July, they leave an exit hole in the gall. 
An adult can live up to ten days and lay more than 100 
eggs during this time (European and Mediterranean Plant 
Protection Organization 2005). After adult emergence, galls 
usually become dry, brown, and woody over time. Dried 
galls can remain on the tree for several years on stems.

Hosts
Dryocosumus kuriphilus is a global pest of chestnuts, Cas-
tanea spp. (Fagales: Fagaceae). More particularly, it is 
reported to attack the Japanese chestnut (Castanea crenata) 
the American chestnut (Castanea dentata) the Chinese 
chestnut (Castanea mollissima), the European chest-
nut (Castanea sativa), and their hybrids. It also infests the 

Seguin chestnut (Castanea seguinii), in China (European 
and Mediterranean Plant Protection Organization 2005).

Damage
Dryocosmus kuriphilus is the most severe insect pest of 
chestnut (European and Mediterranean Plant Protection 
Organization 2005). It can reduce wood production and 
fruit yield by 50% to 75% (Aebi et al. 2007). However, these 
numbers can vary depending on the susceptibility of the 
cultivars to the pest.

The galls induced by Dryocosmus kuriphilus can be local-
ized on the growing twigs, the leaf petiole or midrib, the 
stipules, or the buds of chestnut trees. The galls start at 
approximately 5 to 20 mm in diameter and can grow up to 
4 cm in diameter as the leaf tries to form (Ding et al. 2004).

Figure 6. Cross section of a gall on Castanea sp. containing several 
larval chambers of Dryocosmus kuriphilus, (the coin shown is similar in 
size to a US nickel).
Credits: Emilie P. Demard, UF/IFAS

Figure 7. Dried galls of Dryocosmus kuriphilus during fall.
Credits: Emilie P. Demard, UF/IFAS

Figure 8. Different types of galls induced by Dryocosumus kuriphilus: 
(a) on the midrib of the leaf; (b) on the bud; (c) on the stipule; (d) on 
the growing twig.
Credits: Emilie P. Demard, UF/IFAS
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Dryocosmus kuriphilus may reduce yield of chestnuts 
through both direct and indirect mechanisms. Galls can 
directly prevent the formation of the female flower when 
they form on the apical buds of the shoots, which stops 
shoot growth and causes flower abortion. Also, yield 
can be indirectly affected as a result of reduced leaf area, 
photosynthesis, and tree biomass within the years following 
the infestation (Kato and Hijii 1997). Galls can cause a 
progressive decrease in tree vigor; dieback of twigs is often 
noticed. Severe infestations may result in death of chestnut 
trees. A study highlighted the fact that the wasp increases 
tree susceptibility to chestnut blight damage, Cryphonectria 
parasitica Murr (Diaporthales: Valsaceae), by weakening 
plant vigor (Turchetti et al. 2010).

Management
Visual inspection for detection of the presence of the wasp 
is only effective after May or June when visible galls appear 
as a result of larval feeding within the buds. Surveillance 
for galling symptoms in April, May, or June allows for 
early detection and destruction of affected plants before 
the emergence of the adult stage (European Food Safety 
Authority 2010).

Phytosanitary Measures
The Asian chestnut gall wasp was added to the European 
and Mediterranean Plant Protection Organization (EPPO) 
A2 action list in 2003, and EPPO member countries are 
recommended to regulate it as a quarantined pest. Intro-
duction of the pest from Asia and America is effectively 
prevented since the import of all plants of Castanea (except 
fruits and seeds) from non-European countries is prohib-
ited by most EPPO countries on account of other pests. 
Within the EPPO region, young plants or shoots of Cas-
tanea used for grafting and coming from infested areas 
should be produced in a place kept free from Dryocosmus 
kuriphilus (European and Mediterranean Plant Protection 
Organization 2005).

Chemical Control
The use of chemicals against the immature stages is inef-
ficient because of the cryptic nature of the insect living in 
dormant buds for the majority of its life; the larva is pro-
tected within the plant tissues (Moriya et al. 1989; Cooper 
and Rieske 2007). The effectiveness of chemical control 
of adults relies on the detection of adult emergence for an 
appropriately timed treatment. Also, the efficiency of this 
method is reduced by the difficulty of covering the entire 
canopy of the tree when using ground-based applicators 
(Bernardo et al. 2013). In addition, chemical treatments are 

often impractical due to the natural distribution of chestnut 
trees on steep terrain (Germinara et al. 2011).

Host Plant Resistance
The breeding of resistant chestnut varieties of Castanea 
crenata was successful for approximately 20 years in Japan, 
but plant resistance was overcome by a novel virulent 
biotype of Dryocosmus kuriphilus in the early 1970s 
(Murakami 1981). In addition, the mode of inheritance of 
resistance was not established, which limited the applica-
tion of more rapid contemporary methods for selection. 
In the US, Payne (1978) observed chinquapins (Castanea 
pumila and Castanea alnifolia) seemingly resistant or 
immune to the wasp, but the source of resistance remains 
unclear. Moreover, a Euro-Japanese hybrid (Castanea 
sativa x Castanea crenata) called Bouche de Bétizac has 
been identified as completely resistant to Dryocosmus 
kuriphilus. Dini et al. (2012) suggest the hybrid avoids 
infestation through a hypersensitive reaction that kills the 
first instar.

Developing resistant varieties is a potential management 
option, but several limits are noted. Indeed, it is only 
beneficial for new plantings and will not help existing 
chestnut plantations. There is also the risk of selection 
of Dryocosmus kuriphilus biotypes that may overcome plant 
resistance, and the level of resistance of the hybrid varieties 
is still poorly known. Finally, the selection for resistance is 
a slow process, which prevents its development in the short 
term (European Food Safety Authority 2010).

Classical Biological Control
To date, the most effective method to control the Asian 
chestnut gall wasp is the introduction of the parasitoid To-
rymus sinensis Kamijo (Hymenoptera: Torymidae). This 
chalcid wasp, native to China, shows high host specificity, 
and its life cycle matches that of its host. These two traits are 
essential for a successful biological control agent (Aebi et al. 
2006). It was first released in Japan in 1975 where it reduced 
the infestation level from 43% to 3% within five years, far 
below the tolerable threshold of 30% of infested shoots 
(Moriya et al. 1989). Infestation has stayed low since 1982 
in Japan. Similarly, the parasitoid was released in Georgia, 
US in 1977. Its introduction in Europe was initiated in Italy 
in 2005 and in France in 2011 (Cooper and Rieske 2007; 
Quacchia et al. 2007; Moriya 2008; Borowiec et al. 2014). 
The parasitoid was also introduced to Hungary and Croatia 
in 2014 and Slovenia in 2015 (Radocz et al. 2015).

Torymus sinensis is univoltine like its host. It essentially 
reproduces amphigonically (sexual reproduction), but 
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it may reproduce by arrhenotokous parthenogenesis 
(unfertilized eggs develop into males and fertilized eggs 
develop into females). According to Cooper and Rieske 
(2011), this wasp is a generalist parasitoid of cynipid gall 
wasps in China but acts as a specialist when Dryocosmus 
kuriphilus galls are found in abundance such as in Japan 
and possibly North America. While Zhang (2009) claims 
that Torymus sinensis is monophagous (eats only one type 
of food), the European and Mediterranean Plant Protection 
Organization (2010) concluded that the parasitoid seems to 
be monophagous or highly oligophagous (i.e., it has a very 
limited host range).

Females of Torymus sinensis lay eggs into newly formed 
galls either on the body of the host larva or on the wall of 
the larval chamber (Quacchia et al. 2007). Usually, one egg 
per host is laid, but under natural conditions, multiple eggs 
per larva have been observed in a single chamber. However, 
only one parasitoid larva completes its development 
because of cannibalism among young Torymus sinensis 
larvae. After hatching, the larva feeds ectoparasitically on 
the host’s mature larva until pupation and stays in the gall 
during winter. Adult parasitoid wasps emerge in spring 
(early April) from the withered galls, synchronously with 
sprouting of chestnut trees and gall initiation. Female Tory-
mus sinensis are able to parasitize newly developing galls for 
a period of several weeks (Quacchia et al. 2007; European 
Food Safety Authority 2010; Cooper and Rieske 2011; 
Ferracini et al. 2015).

The adult of Torymus sinensis has several morphological 
criteria that help to distinguish it from other parasitoids. 
The tarsi are divided into five tarsomeres, the long oviposi-
tor projects over the female abdomen, the hind coxae are 

large, there is a carina on the scutellum, and the body color 
is shiny metallic green (Institut National de la Recherche 
Agronomique 2012).

Although classical biological control is the most effective 
method to control Dryocosmus kuriphilus, ongoing studies 
attempt to assess the environmental risks of using Torymus 
sinensis. The conditions under which Torymus sinen-
sis could target alternate hosts and the likelihood of its 
hybridization with native Torymus species are central issues 
for a successful biological control program (Aebi et al. 2007; 
Gibbs et al. 2011). For instance, hybridization between 
the native parasitoid Torymus beneficus and Torymus 
sinensis has been clearly shown in Japan, but the biological 
impact is still hard to predict (Aebi et al. 2007; Yara 2014). 
Thus, molecular studies are ongoing in Japan, Italy, and 
France to identify cryptic lineages and characterize the 
native parasitoid community (Aebi et al. 2007; Borowiec et 
al. 2014).

Conservation or Augmentation Biological 
Control
The rapid recruitment of native oak and rose cynipid 
parasitoids to Dryocosmus kuriphilus suggests a potential 
value of native parasitoids to be used as biological control 
agents in augmentative biological control programs. 
Eighteen parasitoid species associated with Japanese oak 
gall wasps also attack Dryocosmus kuriphilus, representing 

Figure 9. The parasitoid Torymus sinensis on a gall of Dryocosmus 
kuriphilus.
Credits: Hélina Deplaude, Chambre d’Agriculture d’Ardèche

Figure 10. Laboratory rearing of Torymus sinensis for classical biological 
control of Dryocosmus kuriphilus.
Credits: Emilie P. Demard, UF/IFAS

Figure 11. Morphological criteria for the identification of Torymus 
sinensis.
Credits: Hélina Deplaude, Chambre d’Agriculture d’Ardèche
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host shifts from native hosts to the invader. In Korea, Dryo-
cosmus kuriphilus recruited a parasitoid assemblage of 15 
chalcid species (Aebi et al. 2006). In the US, two torymid 
species, Torymus advenus and Torymus tubicola, were 
recorded by Payne (1978). Cooper and Riesk (2011) 
identified Ormyrus labotus as a parasitoid of Dryocosmus 
kuriphilus. In Italy, 16 native parasitoid species belonging 
to six families (Eurytomidae, Pteromalidae, Torymidae, 
Eupelmidae, Eulophidae, and Ormyridae) were recorded 
(Aebi et al. 2006).

Although oak cynipid parasitoids provide potential for 
biological control, the mismatch between the emergence 
of native parasitoids and Dryocosmus kuriphilus results in 
low attack rates (between 0.5 and 1.6%) compared to the 
well-synchronized parasitoid Torymus sinensis (Aebi et al. 
2007). Also, further studies on the taxonomy and biology 
of these parasitoids is needed to improve our understand-
ing of interactions between the invasive gall wasp, the 
introduced parasitoid, and the native parasitoids. Indeed, 
several species were identified as competitors or facultative 
hyperparasitoids (parasitoid acting either as a primary 
parasitoid or a secondary parasitoid). For example, Eury-
toma brunniventris is known to be polyphagous and to feed 
on gall tissues, and Eupelmus urozonus may be a facultative 
hyperparasitoid (Quacchia et al. 2013; Francati et al. 2015). 
Both were observed to have an important role in the delay 
in the population increase of the introduced Torymus 
sinensis in some areas of Japan (Murakami et al. 1995). 
Cooper and Riesk (2011) also recorded Ormyrus labotus, 
which is a native parasitoid of oak galling cynipids in the 
US and a hyperparasitoid of Torymus sinensis.
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