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In this review, we have focused on the following key points: (1) living trees in European Russia and their climatic sensitivity. Species suitable for tree-ring analyses, their age limits, spatial distribution of temperature- and drought-sensitive trees, and the available tree-ring chronologies. (2) Extension of the living-tree chronologies using archeological and architectural samples. Dendrochronological dating of archeological and cultural monuments. (3) Tree-ring-based climatic reconstructions in European Russia. European Russia drought atlas. (4) Climatic and environmental reconstructions in the Northern Caucasus. (5) Dendroecology. We also briefly summarized the problems and prospects of tree-ring research in European Russia.
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INTRODUCTION

The first tree-ring study in the Russian Empire dates back to 1892 CE, when Shvedov (1892) suggested reconstructing the droughts in Odessa using Acacia sp. ring width. In the Soviet time, the center of tree-ring research in the European part of the Soviet Union was located in the Institute of Botany in Kaunas, Lithuania, led by T. Bitvinskas who edited the first publications of tree-ring-width measurements in the series of books “Dendroscales of the Soviet Union.” Most chronologies created for the territory of the European part of the Soviet Union and Russia (e.g., Bitvinskas, 1974; Molchanov, 1976; Lovelius, 1979; Chernavskaya et al., 1996; Pushin et al., 2000; Rumyantsev, 2010; etc.) were and still are usually published in Russian. They were not included in the international databases, not available in the digital form, and, therefore, are rarely used in the global studies. Among rare exceptions is a data set collected along the northern tree line, submitted to the International Tree-Ring Data Bank (ITRDB), and used for the reconstructions of summer temperature in the sub-Arctic regions, including Northern Europe region which covered the north of European Russia, for 950–1960 CE (Schweingruber and Briffa, 1996; Briffa et al., 2001).

Recently, several tree-ring chronologies for European Russia have been included into the ITRDB. They are as follows: 13 chronologies of living trees of pine (Pinus sylvestris), spruce (Picea abies, Picea obovata), and larch (Larix sibirica) (Hughes et al., 2019), two chronologies of oak (Quercus robur) (Khasanov and Sandlersky, 2018), and three chronologies of wood from ancient buildings and archeological materials (Kolchin and Chernykh, 1977; Chernykh and Karpukhin, 2006; Karpukhin et al., 2019). However, even in the 21st century, the space of the European Russia in ITRDB is covered by rare points of tree-ring sites, compared with the nearby regions, especially Fennoscandia and Lithuania (Figure 1). Meanwhile, looking at the new European Russia Drought Atlas (Cook et al., 2020) one will see dozens of sites in this area. Thus, a rich data set presented mostly in the Russian literature is hidden behind the empty space at the map. In this paper, we have provided a brief review of the tree-ring studies in European Russia published in the past two decades.
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FIGURE 1. Location of the tree-ring sites in European Russia. KOLA—summer temperature reconstruction (1600–2004, Kononov et al., 2009), MR–SPEI reconstruction (1790–2014, Matskovsky et al., 2016b), CAU—summer temperature reconstruction (1596–2011, Dolgova, 2016). Long tree-ring chronologies are described in Figure 2. Grayscale shading shows elevation.
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FIGURE 2. Replication of long chronologies in European Russia. Note different axes. For the locations see Figure 1. *Higher length and replication are reported by Tarabardina et al. (2016): 9th–19th centuries, 6,505 dated samples in total.




SPECIES, LENGTH OF CHRONOLOGIES, AND CLIMATIC SIGNAL

European Russia is located within the sub-Arctic and temperate climate zones. It is subdivided into the following vegetation zones: tundra (67°N–70°N), northern and central taiga (60°N–67°N), southern taiga and mixed forests (56°N–60°N), broad-leaved forests (53°N–56°N), forest-steppe (53°N–54°N), and steppe (south to 53°N). Khibiny (up to 1,200 m a.s.l.), Carpathians (up to 2,655 m a.s.l.), Caucasus (up to 5,642 m a.s.l.), and Urals (up to 1,895 m a.s.l.) mountains are bordering the East European plain from the north-west, west, south, and east, respectively. The central and southern regions of the East European plain were traditionally used for agriculture; therefore, the original vegetation is poorly preserved in these areas, especially in the forest-steppe ecotone. In the northern part of the plain only small fractions of undisturbed forests are left due to extensive logging.

The average and maximum length of the sampled tree-ring series are as follows: 171 and 534 years for pine, 137 and 499 years for spruce, 193 and 413 years for larch, 116 and 277 years for oak. Long-living trees are unique and are preserved only in the protected areas such as national parks or by the cemeteries, monasteries, and other sacred places. The living-tree chronologies extend back to the 15–16th centuries in the northern regions [e.g., Solovetsky archipelago (Solomina et al., 2011; Dolgova et al., 2019), Keretsky archipelago (Tishin and Chizhikova, 2011), Arkhangelskaya region (sites from ITRDB; Schweingruber and Briffa, 1996), Murmansk region (Shumilov et al., 2011), and in the mountain areas, namely, in Khibiny (Kononov et al., 2009) and in the Northern Caucasus (Dolgova, 2016)]. In the central and southern parts of the plain they usually do not exceed 200–300 years [e.g., Optina Pustin’: 1717–2010 CE, Zvenigorod: 1763–2014 CE (Solomina et al., 2017), Raifa forest: 1714–2014 CE (Tishin, 2006; Kuznetsova, 2020), Morozovskaya forest: 1741–2014 CE (Matskovsky et al., 2016b; Matveev et al., 2019)]. Tishin (2006) developed 70 tree-ring chronologies for different species in the Middle Volga region (56.6°N 47.8°E–54.4°N 51.8°E), including pine (P. sylvestris), spruce [Picea fennica (Regel) Kom.], oak (Q. robur), and linden (Tilia cordata Mill.), the longest chronologies starting in 1850 CE. Forbes et al. (2010) showed high dendroclimatic potential of the shrub Salix lanata L. in the European Russian Arctic (Nenets Autonomous Okrug).

At the moment, we estimate the number of verified high-quality living-tree ring-width chronologies in European Russia as approaching to 300 sites (e.g., Tishin, 2006; Solomina et al., 2017; Cook et al., 2020). Seventy tree-ring-width chronologies from this area will be released to the ITRDB in 2021 (the publication by Solomina and coauthors is to be submitted to Scientific Data journal).

In most sites, the trees growing in the East European plain show a moderate to low sensitivity to climate (correlation coefficients rarely exceed 0.5) and a mixed climatic signal, except for the northern and southern tree lines (Bitvinskas, 1974; Molchanov, 1976; Graybill and Shiyatov, 1988; Lopatin et al., 2007; Hughes et al., 2019). The analysis of the correlation coefficients of the chronologies with monthly and seasonal and cumulative climatic parameters acquired from the daily meteorological data allowed to identify the boundary between temperature-sensitive and drought-sensitive trees at about 55°N–60°N (Matskovsky, 2013, 2016). The radius of significant correlation between tree-ring-width chronologies decreases from about 1,000–1,500 km in the north to 500 km and less in the center of the plain (Matskovsky, 2013).



EXTENSION OF CHRONOLOGIES BACK IN TIME, DATING

The first long chronology in European Russia was constructed in Novgorod from the Medival wooden pavements from archeological excavations (Kolchin, 1962; Kolchin and Chernykh, 1977). In the recent decades, the chronology was supplemented with the new samples and verified with the Finnish chronology (Tarabardina, 2009). The excavations continue and the chronology is being enriched with the new material (Tarabardina et al., 2016; Petrov and Tarabardina, 2020). So far, it is not connected with the regional living-tree chronologies and is used exclusively for the dating of archeological artifacts, except for one study (Helama et al., 2017), which used these data to make a temperature reconstruction for 1160–1416 CE.

In Karpukhin (2009) one can find a map and the description of 17 archeological tree-ring chronologies for European Russia. Unfortunately, most of those chronologies were not verified by crossdating with living trees. Moreover, they contain measurements made manually, that have not been checked by COFECHA crossdating or skeleton plots. Therefore, they were not used so far for paleoclimatic purposes.

The one exception is the chronology based on the archeological and architectural wood from the Vologda region (from 1085 to 2020 CE), that was recently connected to living trees, revised, and verified by Karpukhin and Matskovsky (2014). So far, it is the longest continuous chronology in the East European plain.

Another long conifer chronology covering the period from 1183 CE was constructed from living pine and spruce trees and extended with wooden samples from the Solovetsky Monastery that was founded in 1436 CE (Solomina et al., 2011; Matskovsky et al., 2013). Other composite chronologies that include archeological and architectural samples are from Smolensk (353 years), Kostroma (534 years), Volga (478 years), and Arkhangelsk (646 years) regions (Solomina et al., 2017; Figure 2).

Three oak chronologies were built with subfossil oak wood excavated from the alluvial deposits of the Zapadnaya Dvina (Daugava) River (649–1382 CE) and the archeological samples from Novgorod (1059–1386 CE) and Vyazma (1074–1306 CE). They have been matched with the chronologies from Polotsk (Republic of Belarus) and from Eastern Europe, as well as dated by radiocarbon (Karpukhin et al., 2020; Khasanov et al., 2021a). Another part of the Zapadnaya Dvina chronology (1346–1762 CE) is to be published soon (Khasanov et al., 2021b). Sochová et al. (2021) recently published a review of oak dendrochronology in Eastern Europe, including Western Russia.

Using the above-mentioned long chronologies, and also those from Belarus (Yermokhin, 2012), a number of unique monuments were dated, such as the Landskrona Fortress in St. Petersburg (1300 CE, unpublished), the chapel of Cyril (1510s CE, rebuilt in 1557 CE) and the Church of the Ordination (1778 CE) in the Cyril-Belozersky monastery (Matskovsky, 2014), the Church of St. Andrew on the Zayatsky Island of the Solovetsky Archipelago (1699 CE, Matskovsky et al., 2013), a number of wooden churches around Onega lake (Karpukhin et al., 2019) and Arkhangelsk region. The Vologda chronology was used for the dating of several medieval icons, including Novgorod icon “The Mother of God Dexiocratussa” (1410 CE) (Voronin et al., 2015; Matskovsky et al., 2016a; Dolgikh et al., 2017).

In Figures 1, 2, we summarize our knowledge on the well-measured (semiautomatic devices like Rinntech and Velmex, CooRecorder program) and well-dated (TSAPWin, CDendro, controlled by COFECHA, based on crossdating with living trees or other well-dated chronologies) long tree-ring-width chronologies in European Russia.



TREE-RING-BASED CLIMATIC RECONSTRUCTIONS IN EUROPEAN RUSSIA

Ring-width and density chronologies of conifers from temperature-sensitive sites in the northern part of the East European plain (e.g., Schweingruber and Briffa, 1996) were used in a regional part of Circum-Arctic temperature reconstruction (Briffa et al., 2001, 2002), but are normally not included into global reconstructions (e.g., Ljungqvist et al., 2012; PAGES 2k Consortium, 2013; Luterbacher et al., 2016; etc.) due to their comparatively short lengths. Additionally, most chronologies submitted to the ITRDB from these regions finish in 1990s and, hence, they are missing the past two to three decades of records.

A 561-year long pine tree-ring width chronology from the northern tree line (Murmansk region) was used to assess the effects of volcanic and solar forcings on tree growth (Shumilov et al., 2011; Kasatkina et al., 2013, 2019). Khasanov (2011, 2013) showed that wood anatomy of oaks may be specifically affected by severe winters, or winter and spring weather anomalies, and reconstructed these anomalies since 1826 CE. Drought-sensitive chronologies in the European Russia were reported for the middle Volga area (Tishin, 2006; Solomina et al., 2017; Kuznetsova, 2020) and Voronezh region (Matskovsky et al., 2016b). Using eight pine ring-width chronologies Kuznetsova (2020) demonstrated the increase in climate sensitivity of pine from the N-W to S-E (57°N, 47°E to 53°N, 52°E) due to the increase in continentality in the same direction. She reconstructed the June–September self-calibrated Palmer drought severity index (scPDSI) for 1825–2013 CE as well as the river runoff in this area. According to this reconstruction, the drought frequency in the second half of 20th and early 21st centuries increased in comparison with the earlier period. Matskovsky et al. (2016b) used the pine drought-sensitive chronology (Matveev et al., 2012, 2019) to reconstruct the SPEI index in June since 1790s. They speculated that prolonged drought in 1890s had led to the agricultural crisis in Central Russia that affected the social stability and was one of the drivers of the revolutions that occurred in 1905 and 1917.

Recently, the chronologies from the East European plain and adjacent regions were used to create the European Russia Drought Atlas, a half-degree gridded reconstruction of summer scPDSI for 1400–2016 CE (Cook et al., 2020). Three principal modes of hydroclimatic variability in the European Russia were identified and the drought frequency and intensity over this period were assessed. Despite this obvious progress, more drought-sensitive chronologies are required to better constrain and verify the model, especially in the early period of the reconstruction.



CLIMATIC AND ENVIRONMENTAL RECONSTRUCTIONS IN THE NORTHERN CAUCASUS

The Caucasus is a high mountain system located around the 43°N. It is the first barrier for the cold air masses occasionally moving southward from the Arctic. Therefore, the climate in the Northern Caucasus is more severe than at its southern slope, but it is still temperate, and relatively mild. The steppe vegetation rises up to 700 m a.s.l., while the forests dominated by oak, beech, spruce, and pine in the Northern Caucasus are located in more humid habitats up to 2,700 m a.s.l. At the upper tree limit, the most common species are pine, birch, juniper, and beech.

Due to rather favorable climatic conditions, a weak and mixed climatic signal in the ring-width chronologies in the Caucasus was observed (Turmanina, 1971, 1988; Solomina, 1999; Grabenko and Solomina, 2018).

At the moment, about 50 chronologies of pine (P. sylvestris), fir (Abies nordmanniana), oak (Quercus petraea), and beech (Fagus orientalis) covering the Northern Caucasus from Adygeya in the west to Osetia in the east (40°N–43°N, 41°N–43°E) reach as far back as the mid-15th century CE (Solomina et al., 2012, 2016; Dolgova, 2016). Several dead wood collections were also assembled, but they did not extend the living-tree chronologies beyond the 15th century. Matskovsky et al. (2019) combined the tree-ring methodology with the 14C dating and dated the beams of the ancient buildings in Ingushetia of 10–11th, 14–17th, and 19th centuries CE this way.

The first reliable temperature reconstructions based on tree rings of pine and fir growing in the vicinity of the upper tree line was based on the minimum Blue Intensity (BI, Dolgova, 2016). The summer of 1596 CE was the coldest in the records (3.6°C colder than the mean in 1961–1990 CE), whereas the 2010 CE summer was the warmest one exceeding the 1961–1990 mean by + 3.6°C. The reconstruction is representative for the neighboring areas (30°N–50°N, 25°E–55°E) and the multidecadal band width correlates with the reconstruction of June–August temperature in the Central Europe by Büntgen et al. (2011). Holobâcă et al. (2016) also reconstructed summer temperature in the Northern Caucasus since 1830 CE but used a less sensitive ring-width proxy. The combination of ring width and density also allowed the reconstruction of Garabashi glacier mass balance (Dolgova et al., 2013).

Tree rings were used to identify the minimum limiting age of the Little Ice Age moraines at a number of glaciers, where the timberline rises high enough and approaches the glacier fronts (e.g., Bolshoy, Azau, Kashkatash, Terskol, and Tsey) (Bushueva and Solomina, 2012; Bushueva et al., 2016; Solomina et al., 2016, 2021).



DENDROECOLOGY

The dendroecological studies in European Russia are neither systematic nor numerous. A few papers discuss the cambium activity, xylogenesis, and seasonal growth of pine in the central and northern parts of the region (Tishin et al., 2016, 2019; Matveev et al., 2020). The negative influence of recreational activity on pine growth in the Kursk region was studied by Evdokimova et al. (2020). Since 1978’s Matveev with coauthors (Matveev and Akulov, 2012; Matveev and Lykov, 2019) have been monitoring the influence of suburban highways on pine growth in Voronezh region. Lopatin et al. (2008) assessed the long-term growth trends of spruce and pine forests in the Komi republic (49°E–57°E, 60°N–67°N), identified positive trends throughout the 20th century in all the studied forest subzones within this area, and discussed the possible role of temperature as the main driving factor. Dendrochronological methods were also used to assess the forest productivity (Baibar and Kharitonova, 2017; Dyakonov et al., 2017) and historical patterns of natural disturbance regimes (Khakimulina et al., 2016; Kilpinen, 2018) in boreal forests. Aakala et al. (2011) identified droughts and bark beetles to be driving the forest dynamics in the past 200 years in the Arkhangelsk region. Several studies were focused on the forest fire reconstructions (Drobyshev and Niklasson, 2004; Kharitonova and Novenko, 2019; Mergelov et al., 2020; Ryzhkova et al., 2020). Lange et al. (2018) found that in Scots pine ring-width and density chronologies at northern sites microsite differences affect the absolute tree growth, but play a minor role for the summer temperature signal. Tishin et al. (2018) studied the adaptation of introduced species like the Manchurian walnut (Juglans mandshurica) and the Amur cork tree (Phellodendron amurense) in the Middle Volga region to the environmental and climatic conditions.



PROBLEMS AND PROSPECTS

The main limitation for the development of dendroclimatic research in the East European plain is the lack of long-living trees. Still the potential to find suitable sites and to use the old wood from architectural and archeological sites is far from being exhausted. Many floating chronologies stored in the archeological archives are not yet connected to the living-tree chronologies. Unfortunately, the wood itself is rarely preserved after processing. Most of the measurements performed in European Russia before 2000s without semiautomatic devices like Lintab or Velmex contain many errors, and the original wood is lost forever. Finally, only few long chronologies that are connected to the living trees are suitable for paleoclimatic research.

For paleoclimatological applications, the problem of weak and mixed signal in ring width of trees growing in most habitats in the central part of European Russia and in the Caucasus can be partly overcome by the use of other tree-ring parameters, such as the maximum latewood density. Its surrogate, BI, was successfully used for the crossdating of samples (Semenyak et al., 2021) and the summer temperature reconstruction in the Caucasus (Dolgova, 2016) and in the Kaluga region (Solomina et al., 2017). Stable carbon isotopes in tree rings proved to be a good proxy for drought reconstructions both in living trees (Brugnoli et al., 2010) and in archeological wood (Panyushkina et al., 2016), but they are still rarely used in European Russia. A promising potential to find subfossil wood in the lakes, peats, rivers, and at the Arctic coast is still almost not explored.

The dendroecological studies focused on the history of forest stands, fire regimes, disturbances, growth dynamics of introduced species, etc., are still very rare in European Russia. Meanwhile, they could help to solve important ecological problems that are valuable for the society. For instance, in the last two decades, a quarter of the conifer forests in the near-Moscow region dried out due to the outbreaks of the bark beetles and climate change. The whole population of boxwood (Buxus colchica) in the Krasnodar region was exterminated by insects (Pyralidae sp.), introduced to Russia together with Italian plants in 2012 CE. What is the contribution of insect outbreaks, climate change, and forest management? Dendroecology can address these complex problems and even suggest possible solutions.
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