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Abstract: In the last 20 years, the ranges of some native and alien phytophagous insects have no-

ticeably expanded northward in the European part of Russia. A simple deterministic linear model 

reliably describes the observed temperature dynamics for the last 120 years showing confident 

temperature increase. It is a worrying trend bearing in mind that such change may promote insect 

outbreaks and favor the arrival of novel unwanted pests. Here we discuss climate change impact 

and provide preliminary assessment of economic losses due to invasive insects in Northwestern 

Russia. 
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1. Introduction 

Native and alien insect pests can significantly affect tree health in forests and urban ecosys-

tems that can result in a cascade of environmental, social and economic problems [1,2]. These 

problems can especially be dramatic on the northern territories largely facing climate change [3]. 

Temperature is one of the key factors affecting the population characteristics of insects, including 

population dynamics and range expansion [4,5]. In the last two decades, the distribution of some 

native and invasive insects and their outbreaks led to a large-scale decline of tree plantations in the 

Northern European Russia, in particular in Saint Petersburg, Leningrad Region, the Republic of 

Karelia and Arkhangelsk Oblast. For example, the outbreak of the European spruce bark beetle Ips 

typographus Linnaeus, 1758 and further distribution of Scolytus spp. (Coleoptera: Curculionidae, 

Scolytinae) were observed in 2003-2015 already in northern territories [1,6-9]. 

Despite tree decline and malfunctioning of native ecosystems and urban plantations due to 

insect pests, the factors favoring inset distribution and outbreaks have hardly been studied in the 

northern regions of the European Russia. Out study overviews the distribution of tree insect spe-

cies, analyses temperature dynamics and provides preliminary assessment of economic conse-

quences associated with native and alien pests in the region of Saint Petersburg and adjacent 

northern territories of Russia. 

2. Methods 

We examined city plantations in Saint Petersburg in 2020–2021, surveyed national 

literature and revised data on detection and further distribution of alien and native tree 

insect species. Here we focused on following tree insects: Scolytus multistriatus (Mar-

sham, 1802), S. scolytus (Fabricius, 1775), S. pygmaeus (Fabricius, 1787), Ips amitinus 

(Eichhoff, 1872) (Coleoptera: Curculionidae, Scolytinae), Agrilus planipennis (Fairmaire, 

1888) (Coleoptera: Buprestidae), Phyllonorycter issikii (Kumata, 1963), Cameraria ohridella 

Deschka et Dimić, 1986, and Acrocercops brongniardella (Fabricius, 1798) (Lepidoptera: 
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Gracillariidae). 

Temperature dynamics was studied in for the past 120 years (from 1900 to 2020) 

using regression analysis [10]. The average annual temperature and the average temper-

ature for the growing season (May–September) were analyzed for Saint Petersburg, the 

Republic of Karelia (Sortavala) and Murmansk region (Kandalaksha) (Figure 1). A sim-

ple deterministic linear model of temperature dynamics was used. 

The economic losses associated with alien insects were preliminarily estimated for 

the following species: Scolytus multistriatus, S. scolytus, S. pygmaeus, and Agrilus planipen-

nis, and concerned exclusively the area of Saint Petersburg. For that, we took into account 

the cost of dead trees removal and the cost of new tree planting in the city. The service 

costs corresponded to those listed for Saint Petersburg in the document TERr 81-04-2001 

subsection "Improvement" TERr-2001-68. The estimations were converted from RUB to 

EUR (2001 value). 

3. Result and Discussion 

3.1. Overview of invasions by alien tree insects 

For a long time, the elm bark beetles Scolytus multistriatus (Marsham), S. scolytus 

(Fabricius) and S. pygmaeus (Fabricius) (Coleoptera: Curculionidae, Scolytinae) were not 

known from Leningrad Region and Saint Petersburg. In the end of the 20th – the begin-

ning of the 21st centuries, the species composition of the genus Scolytus in of the Lenin-

grad Region changed [11]. Scolytus multistriatus was reported from Saint Petersburg area 

in 1997 [11-13]. Another species, S. scolytus was discovered here in 2000 (in the floodplain 

of the river Sablinka, Tosno area) [11,13]. The northernmost findings of S. multistriatus 

and S scolytus were made in the parks of the city Vyborg [13]. Scolytus pygmaeus was 

found in several districts of Saint Petersburg in 2012 [14,15]. It should be noted that these 

species are still unknown in southwestern Finland located in relative proximity to the 

Karelian Isthmus. In the latter, these species have already been found. The Scolytus spe-

cies are a vector of pathogenic fungi Ophiostoma ulmi (Buisman) Nannfeldt and Ophi-

ostoma novo-ulmi (Brasier) (Ascomycota: Ophiostomataceae) that cause Dutch elm disease 

and subsequent mass decline of elms in Saint Petersburg and the surrounding territories 

[2, 16-18].  

The emerald ash borer Agrilus planipennis (Fairmaire) (Coleoptera: Buprestidae) is a 

dangerous invasive pest of ash originating from East Asia [19]. For the first time, this in-

sect was discovered in Saint Petersburg in 2020. It was documented in several city dis-

tricts (Petrodvorts, Morskaya, Suvorovskaya and Gostilitskoye Highway) [20,21]. Inter-

estingly, until recently the emerald ash borer was known only from the northwestern 

outskirts of Tver, located 500 km southwest of Saint Petersburg [22]. The suggested time 

of the pest appearance in Saint Petersburg is 2014–2016 [20]. The survey done in the pe-

riod from November 2020 to April 2021 revealed a new foci of the emerald ash borer in 

the Builders Park (Nevsky District) located in the eastern part of the city opposite the 

Petrodvorets district.  

The small spruce bark beetle Ips amitinus (Eichhoff) (Coleoptera: Curculionidae, 

Scolytinae), a dangerous conifer pest, has been known in southwestern Finland and the 

Leningrad region since the middle of 20th century [11]. Later on, this species rapidly 

spread towards north. At the end of 1996, it reached Murmansk region [12] and in 2011 

was documented in the northern limit of conifer range [23]. This species is not a major 

pest of conifers in the European part of Russia. However, since recently it became known 

by its outbreak in Western Siberia leading to the massive decline of five needle pine, Pi-

nus sibirica Du Tour [24]. Thus, the potential danger posed by I. amitinus to the northern 

territories of European Russia remains to be re-evaluated.  

Three invasive leafmining moths Phyllonorycter issikii (Kumata), Cameraria ohridella 

Deschka et Dimić, and Acrocercops brongniardella (Fabricius) (Lepidoptera: Gracillariidae), 

that develop on deciduous woody plants, were recorded in Saint Petersburg in the be-
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ginning of the 21st century [2,25]. The present border of their secondary range in the north 

coincides with the northern border of the distribution of their host plants. 

The lime leaf miner Ph. issikii, the East Asian pest [28] outbreaks in the European 

part of Russia [26-27]. This species occurred in Saint Petersburg in 1990s [29]. In 2002, the 

population density of this pest was already noticeable. In the city, the lime leaf miner 

gives two generations per year. The larvae of the third generation do not complete their 

development due to decreasing temperature in autumn. An  increase in the population 

density of Ph. issikii was documented in the years with the early and warm springs and 

hot summers, in particular in 2002, 2008, 2013, and 2018 [2,25]. 

The horse-chestnut leaf miner C. ohridella is a pest on Balkan origin that has spread 

throughout most Europe over the past few decades [30]. In Saint Petersburg, this species 

was recorded in 2013; already in 2014 the local foci occurred in the city parks. In 

2018-2020, about 30 mines per leaf were recorded. This species develops in Saint Peters-

burg in two generations [2,25]. 

The third leafmining moth A. brongniardella, well-known pest of oak Quersus robur 

L., gives outbreaks in the south and center of the European part of Russia, Ukraine and 

Western Siberia [31, 32]. In Saint Petersburg, this species was discovered in 2018 [25]. The 

population density remains low; the species provides one generation per year.  

The above cases demonstrate relatively recent occurrence of alien pests (Agrilus 

planipennis, Phyllonorycter issikii and Cameraria ohridella) and range expansion of native 

species (elm bark beetles Scolytus spp., Ips amitinus, and the leafminer Acrocercops 

brongniardella) in the Nonwestern Russia. All of these species are able to outbreak with 

possible environmental and economic consequences. 

3.2. Economic losses 

The green area of Saint Petersburg, excluding suburban forest, accounts for about 13 

thousand hectares. In 2013–2020, around 35,000 elm trees died due to Dutch elm disease 

in the city. The total economic losses reached 1,300 million RUB, or 14.4 million EUR. So 

far, the recently arrived emerald ash borer attacked 165 trees. They all were cut down and 

utilized in autumn 2020 – spring 2021 causing economic loss of at least 5 million RUB, or 

56 thousand EUR.  

3.3. Temperature dynamics 

The regression models have shown an increase of temperature indicators, i.e. the 

average annual temperature for all months and the average annual temperature for the 

growing season on the territory of Saint Petersburg, the Republic of Karelia and Mur-

mansk region. The weakest correlation was recorded for Murmansk region (Kana-

dalaksha) (Figures 1, 2). The temperature increase was pronounced in 1980–2020 (espe-

cially the average annual temperatures for all months) in Kandalaksha (Figure 1) and in 

Saint Petersburg and the Republic of Karelia (the average annual temperature for the 

growing season) (Figure 2). 
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Fig.1 Annual average temperature dynamics in Saint Petersburg, Sortavala (the Republic of Kare-

lia) and Kandalaksha (Murmansk region) in 1900–2020. 

 
Fig.2 Annual average temperature dynamics for growing period (from May to September) in Saint 

Petersburg, Sortavala (the Republic of Karelia) and Kandalaksha (Murmansk region) in 1900–2020. 

As increase in temperatures in St. Petersburg and Karelia in recent decades could 

contributed to the expansion of alien species to the north. In the near future, if the in-

crease in the temperatures takes place during vegetation period, it will likely promote 

population density increase in tree insect pests. In Phyllonorycter issikii, Cameraria ohridella 

and Acrocercops brongniardella populations an additional generation may occur due to 

prolonged vegetation period and warm autumns. The temperature increase may also 

boost the development and further spread of Agrilus planipennis in Saint Petersburg. The 

bark beetles, especially Ips amitinus, I. typographus etc. will also react to climate warming 

providing significant damage to conifers in the northern regions. In this regard, the oc-

currence of severe outbreaks in the native bark beetles in 2010–2017 in spruce and pine 

forests of the Karelian Isthmus, the south of Karelia and Arkhangelsk Region confirms 

this possibility [6-9]. A striking example is an outbreak of elm bark beetles Scolytus spp. 

and significant decline of elms on the northern border of the host tree range. 

4. Conclusions 
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The ongoing temperature changes may lead to the increase in the population density 

of the studied dendophagous pests in the near future. The outbreaks of spruce and pine 

pests may result in pronounced economic losses due to death of coniferous stands both in 

forests and man-made plantations in Saint Petersburg, Leningrad Region and the Re-

public of Karelia.  
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