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Abstract. Dryocosmus kuriphilus Yasumatsu, 1951 (Hymenoptera, Cynipidae) or Asian chestnut gall wasp, has been one of the most
important pest insects on the chestnut tree (Castanea sativa) in the last 20 years in Europe. In Romania, it was observed since 2015 in
the western part of the country, but the population was kept under control without a negative impact. After almost four years, a
new presence of this species in Northeastern Romania was discovered in the most important area for Castanea sativa, The Chestnut
Forest from Baia Mare which is a Natura 2000 protected area (Arboretele de castan comestibil de la Baia Mare, ROSCI0003) The
distribution of the pest in this area is clustered (Moran’s Index = 0.311) with a preference on eastern and western exposure and
higher temperatures. The colonization in this area can be explained by the introduction of infested chestnut trees without the
quarantine treatment. This study aims to present the distribution of D. kuriphilus, the level of infestation, and climatic preferences for
suitable management of a future biological control program in Romania.
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Introduction

The Asian gall wasp, Dryocosmus kuriphilus Yasumatsu, 1951
(Hymenoptera: Cynipidae) is one of the most well-known
pests of the chestnut tree (Castanea spp.) in Asia for the past
50 years (Murakami et al. 1997), and in Europe for the past
20 years (Brussino et al. 2002, Borowiec et al. 2014, Avtzis et
al. 2019). This species has been included in the European and
Mediterranean Plant Protection Organization (EPPO A2 -
2005) action list for phytosanitary measures since 2003
(EPPO 2005). As part of the Cynipini tribe, it is responsible
for inducing galls on several Castanea Miller (Fagaceae)
species: Castanea crenata Siebold & Zuccarini, Castanea
mollissima Blume and Castanea seguinii Dode in Asia; Castanea
dentata (Marshall) Borkhausen in America; Castanea sativa
Miller in Europe (EPPO 2005). China is considered the native
area, and it was accidentally introduced to Japan in 1940
(Oho & Umeya 1975), followed by introductions in America
(Payne et al. 1975) or Europe (Brussino et al. 2002), where it
has been found since 2002, specifically in Italy’s Piemonte
region (Brussino et al. 2002). This species has a negative
impact on photosynthesis because galls can develop on
leaves and buds (Ugolini et al. 2014), damaging the
architecture of the plants and affecting chestnut production
with a loss of approximately 50-80% (Payne et al. 1983,
Battisti et al. 2014, Kenis et al. 2017). Moreover, the vigor of
the trees can be compromised, which can even lead to their
death (Moriya et al. 2002).

The intensification of human movement, coupled with
the parthenogenetic thelytokous univoltine reproduction of
D. kuriphilus, gives it a strong dispersal potential, leading to
its colonization in approximately 25 countries from all over
the world (Avtzis et al. 2019). According to studies based on
molecular markers, European populations exhibit low
genetic 2019), a
characteristic of invasive species (Barrett & Kohn 1991).

diversity (Martinez-Safiudo et al.

Some authors support the hypothesis that the European
population resulted from a single introduction from Italy,
followed by its spread throughout Europe, either naturally
or through the
(abbreviations for Castanea sativa) (Avtzis & Matosevié 2013).
However, an alternative hypothesis suggests multiple
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introductions with individuals from different localities in
China (Martinez-Safiudo et al. 2019).

One female can live for approximately ten days and lay
up to 100 eggs in various parts of the chestnut tree, such as
shoots, young branches, and leaves (Gil-Tapetado et al. 2018,
Chira et al. 2021). Adults emerge in early summer, and the
females immediately begin laying eggs (Moriya et al. 2002).
Larvae development is finished the following year, with
galls appearing in spring (Moriya et al. 2002). Due to the
formation of galls occurring only in the subsequent spring
(Otake 1989), it can be very difficult to identify an infected
chestnut tree (Ugolini et al. 2014), even if red-brown colored
scars appear in the egg-laying area in August (Reale et al.
2016, Nugnes et al. 2018). The inability to spot the infection
immediately is the main reason for the spread of D.
kuriphilus worldwide. In the initial stages of infestation,
females tend to lay only a few eggs per bud, resulting in the
formation of small galls with one or two larval chambers. As
the infestation intensifies, the females lay more eggs, leading
to larger and multilocular galls formation (Panzavolta et al.
2012, Bernardo et al. 2013, Gil-Tapetado et al. 2021).

In Romania, D. kuriphilus was first identified in 2015 in
Salard, Bihor County, in a private orchard with chestnut
trees imported from Italy (Radocz et al. 2016). While the
population from this area was regarded as invasive, it was
kept under control by mechanical interventions that
prevented its spread to the nearby forests (Kovacs et al. 2019,
Chira et al. 2021). In 2019, the gall wasp was found in
southern Romania, in the vicinity of Bucharest, in Ilfov
County, on a chestnut tree with an ornamental role in a park
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(Chira et al. 2021). The source of infestation was attributed to
trading companies in the area that imported ornamental
plants, including chestnut trees (Chira et al. 2021).

Although the chestnut is typically associated with
Mediterranean regions, in Romania, some taxonomists
consider it has a natural distribution or has been cultivated
many years ago (Haralamb 1963), with a total area of 2500 ha
(Bolea & Chira 2007). It can be found in two significant areas:
Maramures (912 ha) and Tismana (280.6 ha), in addition to
artificial forests and orchards (Sdvulescu 1952). In Romanian
culture, the chestnut nuts have been used in the food
industry, the wood is utilized as a raw material in the
construction industry, and the liquid or powder obtained
from the bark is used to dye silk cords (Savulescu 1952). The
most important and extensive area is the Chestnut Forest
from Baia Mare ROSCI0003 in Maramures, which is
included in the Natura 2000 Habitat Directive for the
preservation of natural habitats (MEWF 2015). The
ROSCI0003 site comprises three types of habitats: 9130
Asperulo-Fagetum beech forests, 9170 Galio-Carpinetum
oak-hornbeam forests, and 9260 Castanea sativa woods
(Donita et al. 2005). The forests of C. sativa (habitat 9260)
have been severely affected in the last 40 years, with more
than half of the trees endangered by the invasive fungi
Cryphonectria parasitica (Murrill) M.E.Barr, which led to the
death of the mature chestnut trees aged between 45 and 180
years (Bolea & Chira 2013, Chira et al. 2017).

The most effective method for controlling D. kuriphilus
populations to date is the introduction of the parasitoid
Torymus sinensis Kamijo (Hymenoptera: Torymidae) (CABI
2022). Also native to China, this specialist parasitoid has a

29

life cycle synchronized with its host and has been
successfully used in numerous biological control programs
throughout the world (Moriya et al. 1989, Cooper & Rieske
2007, Quacchia et al. 2008, Borowiec et al. 2018, Nieves-
Aldrey et al. 2019). The introduction of this control agent has
not posed a risk for the indigenous species of Torymus so far
(Viciriuc et al. 2021, Gil-Tapetado et al. 2023). To facilitate its
introduction in Romania, it is crucial to understand the
distribution and habitat preferences of D. kuriphilus in the
context of management strategies. The present study aims to
investigate (I) the extent of infestations and, for the first time,
(II) the climatic preferences in the most important chestnut-
growing area in Romania by utilizing climatic and elevation
data and the presence or absence of this Oriental chestnut
gall wasp.

Material and methods

Study area
The European Chestnut Forest from Baia Mare, also known as the

Sweet Chestnut Forest from Baia Mare (Arboretele de castan
comestibil de la Baia Mare) ROSCI0003 is a Natura 2000 site
designated for three habitat types, including Castanea sativa woods
(code 9260), as well as one species of amphibians and one species of
insects. This site has an area of 2092,6 ha and is located in the
northern central part of Romania (47.687233° N, 23.557686° E) in
Maramures County. It falls within the Alpine Biogeographical
Region (98,49%) and the Continental Biogeographical Region
(1,51%). The habitat 9260 covers 275 hectares within the Natura 2000
site. Moreover, the C. sativa woods are also designated as a protected
area of national importance under the same name as the Natura 2000
site, but with a smaller coverage area of only 500 hectares.
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Figure 1. Map showing the study area and the transects conducted for D. kuriphilus monitoring in Castanea sativa
woods (9260) from the Chestnut Forest from Baia Mare ROSCI0003 and the protected area of national importance
with the same name. Distributions and level of infestations with D. kuriphilus (up to January 2023).
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Study design and chestnut gall wasp data collection

The entire study area was covered by square grid points with 200 m
between points using ArcGIS Pro v.3.0.3. For field observations we
selected 33 points as sampling locations. From each point, a transect
of 50 meters was done, with observations made at a maximum
distance of five meters on the left and right sides of the transect.
During the surveys, all healthy and infested chestnut trees were
counted. To assess the infestation level with D. kuriphilus, the
branches of each chestnut tree were examined up to a height of 2
meters. The presence of galls on branches and leaves was recorded
and counted. To determine the degree of infestation, four levels were
used based on the average number of galls per branch as follows: no
impact - no galls, low infestation - maximum three galls, medium
infestation - between four and seven galls, and high infestation -
more than eight galls. After counting, some of the material was
collected to measure the diameter of the galls and obtain
entomological material.

The field observations were conducted in January, when it is
easier to detect the presence of D. kuriphilus due to the persistence of
galls on the branches and the presence of attacked leaves, which
remain attached to the branches as a sign of infestation. To better
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understand the source of infection, the study area was divided into
three distinct areas: A, B, and C (Fig. 1). This division was
implemented to provide a more comprehensive analysis of the
distribution and spread of the infestation within the study area, and
to account for the isolation of points.

Environmental and climatic variables

To analyze the ecological preferences of D. kuriphilus in north-central
Romania, we recorded eight variables (Table 1). Each transect was
integrated into a GIS database. For each observation, we extracted
data on altitude, declivity, slope exposure (Jarvis et al. 2023),
temperature and precipitation, (Fick & Hijmans 2017) using ArcGIS
Pro v.3.0.3. (Table 1).

Data analyses
For each variable, we calculated the basic statistics (minimum,

maximum, mean values) for the transects where D. kuriphilus was
recorded (Table 2) and for the transects where the species was not
recorded (Table 3). These variables were used to determine the
ecological preference of D. kuriphilus in the C. sativa woods (habitat
9260) within the Chestnut Forest from Baia Mare ROSCI0003.

Table 1. Variables used for ecological characterization of the presence of D. kuriphilus individuals’

abundance in north-central Romania.

Variable Name

Variable source Variable abbreviation

Altitude (m)

Declivity (%)

Slope exposure (%)

Mean daily air temperature (°C)
Maximum daily air temperature (°C)
Minimum daily air temperature (°C)

Precipitation amount per day (mm)

SRTM Alt

SRTM Decl

SRTM Slo_exp
WorldClim 2 Tavg
WorldClim 2 Tmax
WorldClim 2 Tmin
WorldClim 2 Prec

Table 2. Basic statistics for variables used in ecological characterization for transects with D. kuriphilus
presence. The abbreviations and units of measure are shown in Table 1.

Basic statistics Alt Decl Tavg Tmax Tmin Prec
Minimum 307 3.93 83 12.64 3.17 792
Maximum 523 23.87 9.22 14.02 4.47 855
Range 216 19.93 0.92 1.38 131 63
Mean 393 13.88 8.94 13.6 416 8137
Median 366.5 13.21 9 13.68 432 814
Standard deviation 68.74 6.61 0.35 0.52 0.442 23.8

Table 3. Basic statistics for variables used in ecological characterization for transects without D.
kuriphilus presence. The abbreviations and units of measure are shown in Table 1.

Basic statistics Alt Decl Tavg Tmax Tmin Prec
Minimum 347 4.06 7.9 12.16 3.59 792
Maximum 618 29.26 9.21 14.02 448 885
Range 272 25.2 13 1.86 0.88 93
Mean 495.82 15.8 8.26 12.65 3.83 860.78
Median 510 15.3 7.9 12.16 3.59 885
Standard deviation 81.8 6.4 0.47 0.65 0.32 32.39

The differences between transects with chestnut gall wasp
presence and absence were analyzed using Welch’s t-test in R
statistical software v.4.1 (R Core Team 2022).

To study the spatial autocorrelation, the Global Moran’s Index in
ArcGIS PRO v.3.0.3 was used. This provides a single measure for
positive (clustering) or negative (dispersion) spatial autocorrelation
of an attribute within a spatial unit. If the p-values are statistically

significant and the z-score is positive, it indicates that the spatial
distribution of high and/or low values in the dataset is more
spatially clustered than would be expected if underlying spatial
processes were random. Conversely, if the p-values are statistically
significant and the z-score is negative, then the spatial distribution of
high and low values in the dataset is more spatially dispersed than
would be expected if underlying spatial processes were random.
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Results

During the field observations conducted in the Castanea
sativa woods (habitat 9260) of the chestnut forest from Baia
Mare ROSCI0003, a total of 33 transects were investigated for
D. kuriphilus infestation. Out of these, D. kuriphilus was
found in 10 transects. In area A, D. kuriphilus was found in
only one transect out of the 17 done. The infestation rate was
low, with two galls per branch. The diameter of the galls was
between 3.13-8.76 mm. In area B, D. kuriphilus was found in
five transects out of the ten done. Among these, two
transects had a low infestation rate, one transect had a
medium infestation rate, and the remaining two transects
had a high level of infestation. The diameter of the galls
ranged between 3.28-9.78 mm. In area C, D. kuriphilus was
present in four out of six transects. One transect had a low
infestation rate, one had a medium infestation rate, and the
remaining two transects had a high level of infestation. The
diameter of the galls ranged between 2.63-11.08 mm. Based
on the observations, it can be concluded that area C has a
higher infestation rate, followed by area B and area A has
the lowest infestation rate (Fig. 2).

Based on the results of Welch's f-test, significant
differences were observed between transects with D.
kuriphilus presence and transects without this invasive
species (Table 4). Driocosmus kuriphilus was associated with
lower altitude, higher temperature, and lower annual
precipitation. We found no statistically significant difference
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regarding the declivity variable (p > 0.01, Table 4).
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Figure 2. Average diameters (mm)
of the galls in each study area.

All the transects, where D. kuriphilus, from the Natura
2000 site Chestnut Forest from Baia Mare ROSCI0003, was
present, were recorded on east and west slope exposure near
the Baia Mare neighborhood. The analysis of spatial
autocorrelation using Global Moran’s Index in the study
area revealed positive spatial autocorrelation. The positive z-
score indicates that the observed clustering was statistically
significant (p<0.01). The positive spatial autocorrelation
(Moran’s I = 0.311, z-score = 3.076) suggests that there is a
clustering pattern of chestnut gall wasp infestation in the
Castanea sativa woods (habitat 9260) from the Chestnut
Forest from Baia Mare ROSCI0003.

Table 4. The results of Welch’s -test to analyze the differences between transects with D. kuriphilus presence and absence in
north-central Romania. Significant values (p<0.01) are represented in bold.

. L Minimum Maximum Average o
Altitude Declivity Precipitation
(m) % temperature temperature temperature (mm)
O &) O
Welch’s t-test 3.72109 0.77562 -4.456931 -4.458744 -4.580143 4.656583
P value 0.00068 0.22464 0.000099 0.000108 0.000073 0.000055
Discussion highly unlikely. Even the closest area, Salard, is too far

It is considered that approximately 300 Hymenoptera
species have been introduced to Europe, with two-thirds
being introduced for biological control purposes (Rasplus et
al. 2010). Some parasitic insects are accidentally introduced
along with their hosts, and in the absence of a natural
enemy, they can rapidly increase in population size and
become invasive (Coppel & Mertins 2012, Dent & Binks
2020). Human activities play the biggest role in the dispersal
of insects (Popovici et al. 2018). Dryocosmus kuriphilus was
introduced through infected chestnut seedlings, and its
territorial expansion was made possible by the lack of
obvious symptoms (Gibbs et al. 2011).

In Romania, the first presence of D. kuriphilus was
reported in 2015, introduced through plant material from
Italy (Radocz et al. 2016). The next sighting was made a few
years later in a park from Ilfov county, with a nearby shop
selling chestnut trees being considered the source of
infestation (Chira et al. 2021). Due to the natural movement
capacity of D. kuriphilus, with an average of 6.6 km per year
(Gilioli et al. 2013), natural colonization of Baia Mare is

(approximately 150 km) and does not have a continuous
habitat of chestnut trees or orchards. Therefore, it is most
likely that the area of Baia Mare was infected by introduced
chestnut trees in private plantations. According to the galls
size and their density on branches, we estimate that the
infestation has been developing for at least four years.

The Moran index suggests that the distribution of D.
kuriphilus in Baia Mare is clustered (Table 4). The three
sampling areas are distinct and show differences, as evident
from the size of the galls (Fig. 2), with area C exhibiting the
highest degree of infestation, followed by area B and area A.
As indicated by Welch's t-test, this difference seems to be
influenced by climatic factors. The sampling where D.
kuriphilus was present is characterized by an eastern or
western exposure and higher temperatures than those where
the species was absent. Additionally, all areas where D.
kuriphilus was recorded are situated at lower altitudes, but
some clustering was observed, which can be attributed to
temperature.

The study area is characterized by an average annual
temperature of 8.26°C, with a minimum of 3.83°C and a
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maximum of 12.65°C (Table 3). However, there are variations
within the three sampling areas: area A is characterized by a
minimum temperature of 3.59°C and a maximum of 12.75°C;
area B has a minimum of 3.81°C and a maximum of 13.67°C,
and area C has a minimum of 425°C and a maximum
14.01°C (Supp. Table 1). It is worth noting that area A is
colder. It has a lower density of D. kuriphilus, which could be
attributed to temperature rather than a greater distance from
human settlements. Interestingly, in area B, the coldest point,
characterized by a minimum of 4.2°C and a maximum of
13.5°C, shows a high level of infestation.

Precipitation also plays a role in the spread and
development of chestnut gall wasps. Areas with a high level
of infestation are characterized by low rainfall, where the
daily precipitation does not exceed 820 mm. The only
exception is in region B, where we found gall wasps with a
low infestation level and slightly higher precipitation (855
mm). However, this specific transect is characterized by a
lower altitude (424 m) and higher temperature (minimum
3.8°C, maximum of 12.6°C). The climatic analysis shows a
preference for D. kuriphilus in warmer areas with sunnier
exposures, lower altitudes, and lower precipitation levels.

The clustered distribution of the gall wasp and the
variations in infestation levels among the sampling areas
indicate the presence of at least two distinct sources. While
areas B and C can be distinguished based on the size of the
galls and the extent of infestation, it is possible that they
were colonized during the same period but by different
sources. Among the three sampling areas, the C one exhibits
the highest degree of infestation; however, it is noteworthy
that this area is characterized by higher temperatures, lower
altitudes, and lower precipitations compared to the other
two areas.

The influence of climatic factors on D. kuriphilus
population dynamics has been observed in southern Spain,
where higher population densities were found in warmer
localities (Quinto et al. 2021). The flight period of D.
kuriphilus, which lasts about ten days, is particularly
influenced by temperature, relative humidity, and rainfall
(Bonsignore & Bernardo 2018, Gil-Tapetado et al. 2018).
Similar to other cynipid gall wasps, the distribution of D.
kuriphilus is closely related to that of its host, and climate
plays a very important role. For example, species like
Andricus quercustozae (Bosc) and Biorhiza pallida (Olivier) tend
to prefer colder places, while others like Plagiotrochus
quercusilicis (Fabricius) favor warmer areas (Rodriguez et al.
2015). In Romania, especially in the Baia Mare forest, D.
kuriphilus prefers warmer and drier areas.

In the absence of its natural enemy, Torymus sinensis,
areas with Castanea sativa are at risk due to the presence of D.
kuriphilus. Following the mass drying of chestnuts affected
by the fungus Cryphonectria parasitica (Bolea & Chira 2013),
young individuals or those that have regenerated from the
roots of old and sick trees are now susceptible to attacks by
D. kuriphilus. While our study area revealed many zones
without D. kuriphilus, it is expected that the impact will be
much greater in other locations, and the remaining areas
with chestnut trees may be compromised in the near future.
With its high prolificacy and parthenogenetic reproduction
strategy, D. kuriphilus poses a significant threat to chestnut
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forests and could potentially become the very next “chestnut
killer”.

Our study analyzing the
characteristics of areas where D. kuriphilus was observed to
understand the factors limiting its distribution and develop
effective control strategies. However, further research is
needed to try to accurately identify areas affected by D.
kuriphilus targeted
management actions aimed at protecting and preserving
chestnuts using biological control methods involving its
natural enemy, T. sinensis. Climatic data can provide
valuable insights into the adaptability of the biological
control agent, even in areas with high infestation rates of D.
kuriphilus.

Torymus sinensis appears more susceptible to climate
change than D. kuriphilus. In certain sites in Italy, the
effectiveness of the biological control agent decreased due to
phenological asynchrony caused by warmer
(Ferracini et al. 2022). Considering the losses caused by the
pathogen Cryphonectria parasitica in the Chestnut Forest from
Baia Mare, the habitat is now facing extinction due to the
additional threat of D. kuriphilus. The site's preservation and
its objective of conserving chestnuts are at risk. It is crucial to
take immediate measures to prevent the intensification of
infestation levels through mechanical and biological control
Additionally,  implementing  appropriate
quarantine measures is necessary to prevent future
infestations and protect the site’s integrity.

focused on climatic

infestation and to implement

winters

methods.
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