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Abstract

Agrilus planipennis is an aggressive beetle native to Asia, which has recently invaded North America and central Russia.
In European Russia, the first specimens of A. planipennis were collected in Moscow in 2003 and the Moscow Province is there-
fore thought to be a likely entry point to Europe. The pest spread along roads and railways and, by 2013, it was recorded in
11 provinces of Russia. The goal of this study was to clarify the current northern range limit of A. planipennis. To do this, ash
(Fraxinus excelsior and F. pennsylvanica) trees were surveyed along the federal highway M10 (Russia) between Moscow and
Saint Petersburg in July 2016. The condition of ash trees and presence of A. planipennis was recorded at 15 locations. We found
dead ash trees with galleries of A. planipennis at six locations (56° 27.799° N; 36° 35.383” E to 56° 47.665° N; 36° 03.584 E).
At the more north-western sites ash trees became infrequent and signs of A. planipennis were not observed on any ash tree. Be-
yond the National Park Valdayskiy (58° 00.095* N; 33° 08.550” E) no ash trees were observed for about 100 km. Further north in
Leningrad Province, there were fragments of ash forests and many ash trees planted in parks in Saint Petersburg and its suburbs,
but no signs of A. planipennis were seen. Results of this survey suggested that, for summer 2016, the north-west limit of
A. planipennis was close to Tver City (about 56° 47° N; 36° 03° E). Further range expansion of A. planipennis may have been
limited by low host density north-west of Tver City, rather than by climatic factors. However, if A. planipennis can overcome
low host abundance and reach Saint Petersburg or other settlements with planted ash in Russia or abroad, it will likely cause seri-
ous damage, similar to that already observed in Moscow Province or North America.
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Introduction

Emerald ash borer Agrilus planipennis Fairmaire
(Coleoptera: Buprestidae) is a very aggressive invasive bee-
tle native to Asia. It was accidentally introduced to North
America and central Russia in recent years (Haak et al.
2002, Baranchikov et al. 2008, Izhevskiy, Mozolevskaya
2010, Orlova-Bienkowskaja 2013a, 2013b, 2014, 2015,
Straw et al. 2013, Herms & McCullough 2014, Volkovitsh,
Mozolevskaya 2014, Musolin et al. 2017). The beetle can
act as a primary stem pest of species of ash (Fraxinus), in-
festing the lower and middle parts of stems with thick and
intermediate bark. Flight of A. planipennis occurs mostly in
June and a full generation of the buprestid takes one or two
years, depending on environmental conditions (Haack et al.
2015, Orlova-Bienkowskaja and Bienkowski 2016). Sus-
ceptibility of species of ash to attack by the beetle is greater
in open landscapes (along roads, in parks, etc.) compared to
forest (Liu et al. 2003).

In Moscow Province and Moscow City (central Rus-
sia), A. planipennis has mostly been observed infesting, and
quickly killing, 30-60 year old ash trees, including those
planted in cities, along boulevards, roads, and in parks and
gardens. All dying ash trees had the same sequence of
symptoms: wilting began at the top of the tree and spread
gradually downwards, until the entire crown was affected.

In European Russia, the first specimens of
A. planipennis were collected in Moscow City in 2003
(Volkovitsh and Mozolevskaya 2014) and, thus, Moscow
Province is thought to be the likely starting point for the
invasive European range of this species. The pest easily
spread along roads and railway lines, because ash trees are
commonly planted along roads and railway lines. Efforts to
control A. planipennis had been limited and control
measures were implemented only recently and only in
Moscow parks and boulevards. By 2013, the species was
recorded in 11 administrative divisions (provinces) of Rus-
sia (Volkovitsh and Mozolevskaya 2014, Orlova-
Bienkowskaja and Bienkowski 2016, Musolin et al. 2017).

In Russia, ash forests are composed of European ash
Fraxinus excelsior (L.), Caucasian ash F. angustifolia
(Vahl), Chinese, or Korean, ash F. chinensis (Roxburgh),
and Manchurian ash F. mandshurica (Hance) and they cov-
er less than 0.1% of the total forest area of the country (Mu-
solin et al. 2017). Russian ash forests located in the Russian
Far East and in central and southern parts of European Rus-
sia cover 402 000 ha and 264 300 ha, respectively (State
Forest Registry 2014, Musolin et al. 2017). Ash stands and
individual planted trees play important role in urban land-
scaping and along roads. Green ash Fraxinus pennsylvanica
Marshall was introduced from North America and now is
also widely used for landscaping in cities and in shelter-
belts. Emerald ash borer can feed on all ash species, but the
pest is much more dangerous to North American and Euro-
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pean ash species than to Asian ones (Baranchikov et al.
2014).

In Europe, ash is not a major forest tree species but
it does play an important role in urban landscaping. Arrival
of Emerald ash borer to Central and Western Europe can
cause severe damage and even complete disappearance of
ash from forest and urban ecosystems, especially taking
into consideration the current problem with ash dieback
caused by the pathogenic fungus Hymenoscyphus fraxineus
(Musolin et al. 2017, Vasaitis and Enderle 2017).

Within European Russia, information is available on
the rapid invasive range expansion of A. planipennis in
western and southern directions (Orlova-Bienkowskaja
2014, 2015, Volkovitsh and Mozolevskaya 2014,
Baranchikov et al. 2016a, 2016b), but less is known about
the northward spread of the pest, ie. towards
Saint Petersburg and further towards Estonia and Finland.

The main goal of this study was to clarify the current
situation with the northern range limit of the Emerald ash
borer between Moscow and Saint Petersburg.

Materials and Methods

The most likely route for the Emerald ash borer to
spread from central regions of European Russia to Saint
Petersburg is the federal highway M10 (Russia) that runs
between Moscow and Saint Petersburg. This is because the
highway has a side planting of F. excelsior and F. pennsyl-
vanica and numerous ash trees of these two species are
planted in urban areas along the highway, whereas the sur-
rounding forests are predominantly coniferous. In order to
map the current northern limit of the pest’s distribution,
planted ash trees were surveyed along the federal highway
between Moscow and Saint Petersburg during a two-day
trip conducted on July 1-2, 2016 (Fig. 1, Table 1). Fifteen
sites were surveyed between Klin town (Moscow Province)
and Saint Petersburg. Stands of ash trees (10 trees or more)
as well as individual trees were surveyed. Taking into con-
sideration that both F. excelsior and F. pennsylvanica are
susceptible to A. planipennis (Baranchikov et al. 2014), we
surveyed all ash trees and recorded data on both species
together. Dead trees and those displaying such symptoms as
dieback or wilting were targeted; however, healthy trees
growing nearby without any obvious symptoms of wilting
were also examined to record possible early stage infesta-
tion. During the survey, factors recorded included: the state
of the tree, tree diameter at breast height (1.3 m), the pres-
ence of adults and/or larval galleries of jewel beetles (Bu-
prestidae), longhorn beetles (Cerambycidae), bark beetles
(Curculionidae: Scolytinae) and other insects under the bark
and in wood, the presence of emergence (= exit) holes of
beetles and the presence of dead insects under the bark and
in wood. Galleries of A. planipennis were distinguished
from galleries of other Agrilus species by D-shaped
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Figure 1. Locations of the inspection sites during the survey of ash trees along federal highway M10 (Russia) between Moscow and
Saint Petersburg on July 1-2, 2016. Insert is a map of Russia with the region of the survey indicated as a white square. Closed circles
indicate sites, at which Agrilus planipennis was recorded; open circles indicate sites at which this species was not recorded (see Table 1

for further details)

Figure 2. Typical D-shaped emergence holes of A. planipennis on
an ash tree. Grid — 1 mm. July 1, 2016 (photo by B. G. Popo-
vichev)

emergence holes and dimensions of the exit holes with the
transverse diameter exceeding 3 mm (Fig. 2). This diameter
is significantly greater than that of other Agrilus species
breeding on ash in the region. The GPS coordinates of each
site were recorded using a Garmin GPSmap 60Cx navigator
(Table 1).

Results and Discussion

The survey began at Klin town (Moscow Province),
where A planipennis had already been recorded
(Baranchikov 2013, Orlova-Bienkowskaja 2013a, 2013b,
2014, 2015, Volkovitsh and Mozolevskaya 2014). Numer-
ous dead ash trees with galleries of A. planipennis
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Table 1. Results of the survey of ash trees* along federal highway M10 (Russia) between Moscow and Saint Petersburg on July 1-2,

2016
Location Location coordinates Description Confirmed presence of Insects recorded
No (and name of a settle- of ash trees examined A. planipennis
ment, if appropriate)
1 56°27.799' N; 2 old dead trees; diameter 24 and 28 Yes Galleries of buprestids including
36°35.383'E cm A. planipennis but no adults or
larvae of A. planipennis collected
2 56°27.799' N; 4 dying trees with dry crowns; diam- No No buprestid galleries
36°35.383'E eter 16-28 cm
3 56°27.900° N; 3 dying trees with dry crowns; diam- Yes Galleries of buprestids including
36°35.275'E eter 12-26 cm A. planipennis, but no adults or
(Spas-Zaulok) larvae collected
4 56°27.999" N; 2 dying trees; diameter 32 and 36 cm Yes Galleries of buprestids including
36°35.160’ E A. planipennis
(Spas-Zaulok)
5 56°34.765’ N; 1 dying tree; diameter 26 cm Yes 1 D-shaped emergence hole of
36°29.721' E A. planipennis
6 56° 35.042" N; 13 old dead trees; diameter 36—44 Yes D-shaped emergence holes; dead
36° 29.550' E cm adults of A. planipennis
(Bezborodovo)
7 56°47.278 N; 100+ mostly healthy or weakened No No galleries or other signs of
36°04.909' E trees with only a few dying trees; infestation
(Pasinkovo) diameter 16-44 cm
8 56° 47.665 N; 2 old dead trees; diameter 28 and Yes Galleries of buprestids and typi-
36°03.584' E 28 cm cal D-shaped emergence holes of
A. planipennis (Fig. 3)
9 56°53.203" N; hundreds of healthy trees; diameter No No galleries or other signs of
35°46.357' E 16-24 cm infestation
(Tver)
10 56° 58.649’ N; 100+ mostly weakened trees; diame- No No galleries or other signs of
35°18.245’ E ter 16-24 cm infestation
(Kolesnie Gorki)
11 57°33.205’ N; 100+ mostly healthy and weakened No No galleries or other signs of
34°34911'E trees; diameter 16-24 cm infestation
(Vyshny Volochek)
12 57° 40.425'N; 100+ mostly healthy and weakened No No galleries or other signs of
34°19.851' E trees; diameter 16—24 cm infestation
13 57°40.462' N; 40 alive trees and 4 old dead ash No Entrance holes of Hylesinus vari-
34°19.723'E trees; diameter 32-48 cm us with no galleries under the
(Bahmara) bark; holes of cerambycids and
siricids; 3 dead H. varius beetles
14 57°54.291' N; 100+ trees, mostly healthy and No No galleries or other signs of
33°38.188'E weakened; diameter 16—32 cm infestation
(Endrovo)
15 58°00.095’ N; 50 weakened and dying trees; diam- No Siricid larvae in wood of two
33°08.550' E eter 12-28 cm trees
(Mironegi)

* both ash species (F. excelsior and F. pennsylvanica) were surveyed together (see Materials and Methods for details)

were observed around Klin town. Either typical D-shaped
emergence holes of A. planipennis, its larval galleries or
adults were observed at site 1 and sites 3 to 6 (Figs | and 2,
Table 1). At site 2, four ash trees with heavy wilting symp-
toms were surveyed, but no galleries or emergence holes of
buprestids were observed (Table 1). Dead ash trees with

dead or alive basal shoots and with D-shaped emergence
holes, characteristic of A. planipennis, were recorded up to
the southern border of Tver City (close to site 8 at the set-
tlement Pasinkovo, Fig. 3). At the same time, at sites 9-15
hundreds of healthy or weakened ash trees were examined,
but no galleries or larvae/adults of A. planipennis were ob-
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served (Fig. 1, Table 1). Hundreds of ash trees were also
surveyed in Tver City (Fig. 1). The great majority of these
trees were healthy. Small entrance holes were observed on
a few dead ash trees in Tver, which were considered to be
the result of unsuccessful infestation attempts by Hylesinus
varius (F.) (Curculionidae, Scolytinae). Neither emergence
holes nor galleries of buprestids were observed in Tver
City, despite the recent record of A. planipennis in a south-
eastern district of the city (Peregudova 2016).

Figure 3. Dead ash trees along the federal highway M10 (Russia)
between Moscow and Saint Petersburg, near settlement Zavidovo.
July 1, 2016 (photo by B. G. Popovichev)

North-west from Tver City, stands of ash trees be-
came infrequent, with distances of about 20-30 km between
neighboring groups of trees. There were only individual old
ash trees. No ash trees in this area had any symptoms of
presence of A. planipennis.

A stand of ash trees in the Bakhmara settlement (site
13) consisted of 40 alive and 4 old dead ash trees (Table 1).
Entrance holes of H. varius were observed on the bark of
the dead trees, but no galleries of any beetles were observed
under the bark. Three dead individuals of H. varius were
observed on the bark of these trees. In addition, entrance
holes of cerambycids and siricids were also recorded (Ta-
ble 1).

North of site 12, many planted ash trees were ob-
served, but most of them were healthy without any symp-
toms of dieback or infestation.

North of sites 14 and 15 (near National Park Val-
dayskiy), no ash trees were recorded for about 100 km.
However, ash might grow inside numerous small settle-
ments along the federal highway. In any case, this gap in
the planted ash along the highway might represent a rela-
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tively natural barrier slowing the spread of A. planipennis
further towards the north-west.

The next region along the highway was Leningrad
Province where there were fragments of natural ash forests
(between Baltic Sea and Ladoga Lake, e.g., in villages
Koporje and Orzhitsy) and also many ash trees planted in
the historical parks of Saint Petersburg’s suburbs (including
Alexandrovskiy Park in Pushkin and the park in New Pe-
terhof). In addition, there are many planted ash trees in
Saint Petersburg: at Mozhayskaya railway station at Duder-
hof Heights, Primorskiy Park of Victory, Vyazemsky
Boulevard, along large roads at the beginning of Gostilitsy
highway, Bolshoy Prospect of Vasilievsky Island and so on.
At most of these locations, different symptoms of ash de-
cline have been seen, however, the presence of
A. planipennis has not been recorded up to date. The major
cause of ash death in Leningrad Province is attacks by
Hylesinus crenatus (F.) and H. varius. It is also possible
that the initial decline might be caused by the pathogenic
fungus Hymenoscyphus fraxineus, which was recorded in
Saint Petersburg in 2011 (Shabunin et al. 2012, Selikhovkin
et al. 2012, Selikhovkin and Musolin, 2013, Musolin et al.
2017).

It should be noted that all ash trees with entrance
holes or galleries of A. planipennis along the federal high-
way (Table 1) were most likely infested and critically dam-
aged by this pest in 2015 or earlier. We failed to find fresh
infestations of 2016. Rich food potential in the form of nu-
merous ash trees towards the north of Tver City is not used
by the buprestid. Our data are in accordance with the obser-
vations of Peregudova (2016), who record A. planipennis
only in the southern parts of Tver City in 2016. Thus, we
believe, that the latest advance of the range limit of
A. planipennis towards north-west took place not later than
in 2015, when the species reached south-west districts of
Tver City.

Somewhat similar slowing down of the outbreak dy-
namics was noted in Moscow City and Moscow Province,
where after devastating outbreak and expansion of
A. planipennis in 2003-2014, abundance of the buprestid
declined in 2015 due to so far unknown reasons. At the
same time, the invasive range expansion actively continues
in the southward direction (Baranchikov et al. 2016b).

It might be speculated that the northward range ex-
pansion has slowed down because the range had reached its
thermal limits. However, it was recently suggested that
temperature is not a limiting factor for the Emerald ash bor-
er’s range expansion: the highly flexible seasonal cycle of
A. planipennis might allow this species to move behind the
northern limit of ash’s continuous range (Afonin et al.
2016). Some slowdown of range expansion might be caused
by activity of parasitoids or other so far unidentified fac-
tor(s) (Musolin et al. 2017).
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Conclusions

Results of the present survey suggest that, for
summer 2016, the north-west limit of A. planipennis was
close to Tver City (about 56° 47’ N; 36° 03° E; Fig. 1, Ta-
ble 1) and this limit has not advanced northward since
2015. Further range expansion of A. planipennis may have
been limited by low host density north-west of Tver City,
rather than by climatic factors. However, if A. planipennis
can overcome low host density and reach Saint Petersburg
or other large cities or small settlements with planted ash in
Russia or abroad, it will likely cause serious damage similar
to that recorded in Moscow Province or North America in
the early 2000s.
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